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“FRANKLIN” 


Gasoline Driven Compressors 
Solution of lsolated Compressed Air Power Units 


SELF CONTAINED HIGHLY EFFICIENT DIRECT CONNECTED 
SIMPLE RELIABLE 


An ideal type for railroad yards, tank builders and general structural work 
or where compressed air is required for any purpose. These machines are built 
in capacities of 70, 105 and 150 cubic feet of free air per minute at 100 pounds 
pressure. 

Write For Fult PAaRrrTicuLars. 


MANUFACTURED BY 


CHICAGO PNEUMATIC TOOL COMPANY 


CHICAGO Branches Everywhere NEW YORK 


Published by THE COMPRESSED AIR MAGAZINE CO., Easton, Pa. 
NEW YORK, Bowling Green Building LONDON, 165 Queen Victoria Street 


C'assified Buyers’ Guide, Page 12 Index to Advertisers, Page 8. 
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The world’s standard lubricants for machinery propelled by compressed air. 


Lubroleine-Air-Cylinder Oil Lubroleine-B-Compressor Oil 
(non-carbonizing ) Lubroleine Air Drill Oil 
Lu >roleine-B-Steam Cylinder Oil Lubroleine Steam Rock Drill Oil 





Fiske Brothers Refining Company 
24 State Street, New York, U. S. A. 


Cable Address: ‘‘LUBROLEINE.”’ 





Goodrich Hose 


Air Drill Hose 
Steam Hose 
Pneumatic Tool Hose 


Distinguished by 


The Mark rt of Quality 


MANUFACTURED BY 


GhAe B. F. Goodrich Co., AKron, Ohio 


CHICAGO PHILADELPHIA BOSTON ST. LOUIS DENVER DETROIT 
KANSAS CITY MINNEAPOLIS PITTSBURG ATLANTA 
CLEVELAND PARIS LONDON 
Our Products are also handled in 
NEW YORK by BUFFALO 
THE B. F. GOODRICH COMPANY OF NEW YORK 
and in 
SAN FRANCISCO LOS ANGELES SEATTLE 
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The Isbell Vanner 


Is being adopted by all modern concentrating mills 
where up-to-date equipment and close saving, combined 


with economy of operation, are sought for. 

















PATENT APPLIED FOR 


The Isbell Vanner is as far in advance, from both a mechanical 
and metallurgical standpoint, of the present type of vanning 
machines. as the present day percussion table is ahead of the old 
Gilpin County Bumper. 

Adopted by one of the largest concentrating plants now in course 
of construction. 


Send for Bulletin No. 700. 


THE GALIGHER 
MACHINERY COMPANY 


Manufacturers and Sole Agents 


J. E. GALIGHER, Manager SALT LAKE CITY, UTAH 
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ROCK DRILLING EFFICIENCY 


is measured by air consumption 
plus wear and tear, plus labor, 
divided by the footage drilled. 

If you will keep a record of 
these items from month to month, 
or year to year, you will find 
that your Sullivan drills are 
drilling more feet, at lower cost 
per foot, that is, are more effi- 
cient than any other drills work- 
ing under the same conditions. 

Try it. If yon have no Sulli- 
van Drills, let us send you one 
or two. 

Catalogue 960. 


Diamond Drills, 
Air Compressors, Hammer Drills, 
Hoisting Engines, Coal Cutters. 


Sullivan Machinery Co. 


a 8 8 —eamerexonames, Fisrns ap Fisacioco 
Claremont, N H. Cnoxville Rossland Seattle 
Denver New York Cc H ICAGO, I LL. St. Louis Spokane 
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Lidgerwood Hoisting Engines 
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STEAM AND ELECTRIC 


MORE THAN 300 REGULAR STYLES and SIZES 





All made by the duplicate part system, 
and contain many Special Features 
which commend them to the operator 
and owner because of their ease and 
facility of operation. 





PATENT CORK INSERT FRICTIONS 





Special Hoists for Mines, Quarries, 
Car Hauling, etc., up to 1,000 H. P., 
built to order. 


LIDGERWVOD SfANDARD CONTRACTOR’S HOIST 


Lidgerwood Mfg. Co., 96 Liberty St., New York, N. ¥. 
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The Slogan of the Cameron—“Character: The Grandest Thing.” 








The working parts of a 


CAMERON 


can be easily exposed with- 
out disconnecting any of 
the piping. Look at this 
sectional view—it tells the 
story of simplicity at a 
glance. 

By simply removing a 
bonnet or cover, the valves 
of the water valve chest are 
at once visible and readily 
reached. 





SECTIONAL VIEW RFGULAR PATTERN 





There is not a piece of outside 
valve-gear about the CAMERON— 
no complicated mechanism what- 
ever. 






Cameron Pumps require little or 
no attention. They create no anx- 
iety as to their proper and con- 
tinuous performance; and their main 
characteristic, reliability, permits no 
occasion for thought of tinkering. 





REMOVABLE BUSHING PATTERN 


, lf the water is very gritty, and the use of 
construction of the many stylesand 4 Plunger Pump is prohibited on account 
varieties of CAMERON PUMPS, as of the limited space or other circumstances, 
well as capacity and adaptability of we suggest the adoption of our Piston 
each, write for the new Cameron Pump fitted with Removable Bushing of 
Catalog, Edition “K”. iron or composition. 


If you would know details of 













A. S. Cameron Steam Pump Works 
Foot of East Twenty-Third St. © New York 
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M ASON The Gardner-Rix 


Vertical High Speed 
Reducing Valves | 4i* Compressor 


direct connect- 
ed to a gasoline 
engine. Both 


ARE THE WORLD’S STANDARD 


Will reduce and mounted on 
maintain an even common base, 
pressure of making a con- 


venient, self 





contained unit. 

Steam, This G. R. Com- 
> pressor is most flexible unit in the way of 
Air an air compressor ever put out. It’s an 


enclosed, self-oiling, high speed proposition 
—no stuffing boxes, no crossheads. Made 

“s in sizes from 2 to 140 cu. ft. capacities. 
Water. ‘ Ask for more information regarding this 
ideal type. 


or 





WRITE FOR NEW CATALOGUE The Gardner Compressor Mig. Co. 
UINCY, ILLINOIS. 
Mason Regulator Co. wamaaden 
Also make horizontal single and duplex, 
Boston, Mass., U.S. A. belt, steam and electrically driven types. 











THE COOPER CORLISS 

















ALL WRITE FOR 


SIZES AND OUR 


FV¥PES BOOKLET 





BUILT BY 


The C. & G. Cooper Co. 


Home Office and Works — MT. VERNON, Ohio 





BRANCH OF Ff ies : 


NEW YORK, 1419 Bowling Green Building CHARLOTTE, N. C., Court House Square 
BOSTON, 411 Weld Building PITTSBURGH, 604 Frick Building 
PHILADELPHIA, Drexel Building ATLANTA, 310 Candler Building 


CHICAGO, 1539 First National Bank Building 
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What Do You 
Pay For Air? 


Unless you are sure you are getting your air at the 
lowest possible figure, your costs include an item which 


should be cut down. 

There’s the cost of power for running your 
compressor. Is your machine well built, with 
generous bearings amply oiled, and workman- 
ship and adjustments of the best, so that you 
know you are not wasting energy in needless 
friction—paying for power which simply 
wears your machine out? 

Examine the air and itself. Has every pro- 
vision been made to cool the air during and 
between compressions, so that no more power 
is used than just enough? 

Are the air valves working right, so that you 
get a full cylinder of cool air every stroke, and 
discharge its full equivalent in compressed air? 
Or is some of the hot compressed air leaking 
back to the cylinder, reducing its capacity and 
running up the load? 

The demand for air varies from hour to hour. 
Does the regulator take care of this, cutting 
down power as load falls off? Or are you spend- 
ing money compressing air to blow it off 
through a safety valve? 

Have you a compressor that needs constant, 
or frequent, attention? Or is it a machine 
which ‘‘takes care of itself’’, oils itself, regu- 
lates itself? 

Possibly your machine did good work at the 
start—a month ora yearago. But what is it 
doing to-day? Has it worn itself out, ham- 
mered its joints loose, lost its nice adjustments, 
and multiplied the inevitable losses many-fold? 
Or is it still “‘as good as new’’? 

Aside from the cost of running and maintain- 
ing your compressor, what have you lost by 
delays and reduced output while you were re- 
pairing or adjusting after a break-down? 


Rock Drills 
Air Compressors 


Hammer Drills 
Coal Cutters 














Class ‘‘O”’ Meyer; Also Furnished as Class 
“OC” Corliss. 











perial X B’’ Power Driven. 





“Imperial XC” Corliss: Also furnished 
in ‘Imperial X’’ Meyer and ‘‘Im- 





Cheap compressed air, and security against 
break-down losses, are fundamentally dependent 
upon buying a good compressor—correctly 
designed, generously proportioned, strongly 
built, completely automatic, with every up-to- 
date refinement standing for economy and 
staying power. 

You cannot get compressed air cheap 
from a cheap air compressor. 

True economy goes hand-in-hand with qual- 
ity; and quality in a machine comes only from 
a union of the best talent, the widest exper- 
ience, the largest facilities, and the most ap- 
proved methods in a thoroughly up-to-date 
production. 

Thirty-nine years of study, experiment and 
observation find concrete expression in the 
present line of twenty standard Ingersoll-Rand 
compressors, which have been built with one 
idea in view, viz: To afford a line of ma- 
chines conforming with high-duty stand- 
ards of economy, at a price which would 
at once represent the highest value ever 
offered. 

They are not cheap compressors. But the 
difference in cost between them and inferior 
machines is simply a premium on an insurance 
against power, operating and repair charges 
larger than they should be, and against the 
losses due to a break-down. 

Mechanical refinements are no longer extrav- 
agancies; they are economic necessities. Lower 
production cost means increased profits. 

Are you ready for a quotation on a cost- 
reducing Ingersoll-Rand Compressor—in 
any size—of any type—for any service? 


“Electric-Air’ Drills Core Drills 


Pneumatic Tools Pneumatic Pumps 
' 
NEW YORK LONDON 
DOMESTIC OFFICES: 
Birmingham Denver Pittsburg 
Boston Duluth St. Louis 
Butte El Paso Salt Lake 
Chicago Philadelphia San Francisco 
Cleveland Seattle 
FOREIGN OFFICES: 
Budapest Kobe Paris 
Dusseldorf Melbourne Valparaiso 
Johannesburg exico Yokohama 
Montreal 
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ENGINEERS 
AND 


CONTRACTORS 





Clean-Washed Material Permits Accurate Sorting 


™ “CRANE” 


SCREEN and WASHER 


COLLECTS 


Rich ‘‘Fines’’ by Screening 
Rich ‘‘Slimes’’ by Washing 
Rich ‘“‘Lumps’’ by Picking 


Complete Plants for Con- 
centration, Cyaniding, Chlor- 
ination and Smelting of Ores. 


Stearns = Roger 
Mig. Co. 
1718 California St., 
DENVER, - COLO. 
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WHY ARE “AJAX” DRILL SHARPENERS SUPERIOR TO ALL OTHERS? 








BECAUSE- BECAUSE— 


They use Ingersoll-Rand Drills for hammers, mak- They can be operated either as right or left-handed 
ing it possible to secure duplicate parts of these most er exclusive “Ajax —-. ; : 
important features anywhere. drills” use no power when not actually sharpening 

; s. 

All parts are made much heavier than even the They will sharpen drills faster and better than any 

most severe stresses upon them require. other known way, 


The dies and dolly are much larger, insuring long They are more economical in operation and up- 
life and low cost of renewal. keep, and will outlast any other sharpener. 
Mfg. by T. H. PROSKE, Sold by INGERSOLL-RAND CO. 
Denver, Colo. All over the world. 



































BELMONT 


Air Compressor and 
High Pressure Steam 
w Packing. x 














Made expressly for 
AIR COMPRESSORS. 









Will withstand the extreme 
dry heat of Compressed Air 
and give excellent service on Dry 
Steam, etc. 











Write for sample. 









MANUFACTURED BY 
CLEMENT RESTEIN CO., 


133-139 N. 2nd St., 
PHILADELPHIA, PA., U.S.A. 








STYLE No. 750. 
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Sand-Blast Logic 


‘*PANGBORN’”’ Modern High. Presure 
SIX REASONS WHY SAND-BLAST Systems Lead the World 
First Developed after five years close study and the experience 


gained through installing more Sand-Blasts than all other 
makes combined. 








Second Designed on thoroughly scientific principals with the ablest 

———— _ engineering skill, and in each and every particular made of the 
best materials on earth. Efficiency and durability the only 
consideration. 


Third In every respect with the exception of first cost—which we 
—— have no disposition to meet with the sacrifice of design and 
efficiency—they positively excell in every point, and our sys- 
tems are altogether the best investment. Hundreds of users 
and testimonials giving results obtained, are substantial proof. 


Fourth Cost of maintenance 50 per cent. below other makes. 





Fifth Will accomplish 100 per cent. more work. 





Sixth Will do much better work. 


Installed on Guaranteed Results 














TYPE “Cc” CALL EQUIPMENT EXHIBITED OPERATING 

DESIGNERS tomas ww PANG BORN comranr LABOR-SAVING 
EQUIPMENT 

MANUFACTURERS NEW YORK iin taannnee 


GENERAL OFFICES, 94 WEST STREET 
129 

















TheRepublic Rubber Co. 


Manufacturers of 


High Grade Hose 


for Steam, Air Drill, Suction, Water, etc. 
Rubber Belting and alves 


FACTORIES 


YOUNGSTOWN, Ohio 


BRANCHES 
NEW YORK w CHICAGO w ST. LOUIS 
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AN ELECTRIC-AIR MARBLE QUARRY 

The half tone here presented gives us 
a realistic view of what we may well char- 
acterize as the most up-to-date quarry in the 
world. It is that of the Dover White Marble 
Company, at South Dover, N. Y., near Wing- 
dale, on the Harlem Division of the New 
York Central Railroad. This is a quarry of 
pure white marble which borings show to be 
of great depth and of uniform excellence of 


quality, and which at the surface is favorably 
situated for convenient and economical work- 
ing. Being on the side of a hill there is no 
cost for drainage, and the use of a gas pro- 
ducer plant and gas engine direct connected 
to an electric generator brings the coal cost 
of the current which operates the entire plant 
down to but little over three-tenths of a cent 
per electric horsepower hour. 

The employment of electricity as the mo- 
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QUARRY OF DOVER WHITE MARBLE COMPANY. 
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tive force for the entire plant is made possi-as in all cases in this type of drill, by alter- 


ble by the use of Electric Air channelers and 
gadders, which do the responsible work of 
cutting out the dimensioned blocks of stone 
with phenomenal facility and economy. Chan- 
nelers and gadders have heretofore been 
driven either by steam or by air, but they are 
here operated by the Electric Air arrangement 
with all the facility and effectiveness of the 
older devices and at only a fraction of the 
cost. 


The fireproof power house of the quarry, 
which has been built with provision for a 
larger installation later, contains an automatic 
suction gas producer plant which supplies a 
double acting Riverside gas engine directly 
connected to an electric generator which sup- 
plies current for all the motors and for an 
ample storage battery equipment used for 
lighting the quarry and buildings. As the 
equipment was to supply both light and power, 
and on account of the relatively small pro- 
portion of the current used for lighting, a 
250 volt, direct current type of machine was 
selected. The current here generated is con- 
veyed by overhead wires wherever required 
in the quarry. 

The entire quarry as at present operated is 
served by a radial cable-way, the fixed or 
pivot tower being located at the foot of the 
hill and the moving tower at the higest level 
of the quarry. This traveling head moves on 
an arc five hundred feet long, being moved 
by electric motor as required, the same wir- 
ing serving also for the hoist and for the cable 
traveler. This cable-way has a lifting and 
conveying capacity up to 4o tons. 

In the quarry proper are five Electric Air 
track channelers and five Electric Air gadders, 
all taking current from overhead trolley wires. 
In the half tone one of the channelers is seen 
in the back ground at the extreme left in front 
of the movable cable tower and another chan- 
neler is seen more closely nearer the front of 
the view, while a gadder is shown at the 
right of the picture. 

A gadder, it is well understood, is simply 
a mounting for any suitable rock drill which 
facilitates the precise locating and the rapid 
drilling of lines of holes at any required angle 
from the horizontal to the vertical. In this 
case each gadder carries a regular Electric 
Air drill, the piston of which is reciprocated, 


nating pulsations of air in each end of the 
cylinder, the pulsations being produced by the 
electric driven apparatus which accompanies 
and is in fact a part of the drill. As shown 
in the half tone, the little pulsator truck is 
at the right of the gadder itself with the 
operator standing between. The two short 
lines of hose connecting the pulsator and drill 
are easily distinguished. 

The channeler, the piston of which carries 
the entire set of channeling steels, going to 
working depths of five or six feet, of course 
has a cylinder of considerably larger diameter 
than the gadder drill, but otherwise is Oper- 
ated upon the same principle. The pair of 
pulsators and their occompanying motor are 
in this case mounted upon the machine frame, 
and the channeler is thus entirely  self-con- 
tained. 

These machines and the entire plant are 
working together most satisfactorily and with 
high efficiency. It is not necessary to call 
attention to the great saving of power by the 
use of the Electric Air arrangement as com- 
pared with the direct employment of either 
compressed air or steam, as this is now far 
beyond all controversy. This quarry will, of 
course, present a much neater and a more 
business-like appearance, and will be more 
interesting in every way, after a considerable 
quantity of stone shall have been taken out, 
of which there is now every assurance, 





DRINKING DEW 


At the fortification of Gibraltar fresh water 
is very scarce and the following arrangement 
has been adopted to eke out the supply for the 
use of the garrison. A large pit is dug in 
the earth and covered with dry wood or 
straw, which in turn is covered either with 
earth or with sheet iron. The straw or wood 
serves as a heat insulator and prevents the 
conduction of heat from the ground to the 
outer covering of earth or sheet iron. This 
earth or iron covering then cools after sun- 
set more rapidly than the ground, so that the 
temperature soon falls below the dew point of 
the surrounding air. Dew is then formed 
upon the iron or the layer of earth in large 
quantities and the water thus obtained is 
drained into reservoirs where it is clarified 
and is then used for drinking. 
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HIGH PRESSURE PORTABLE 
ILLUMINATING GAS 


It has been experimentally demonstrated that 
dry Pintsch gas is suitable for transportation 
under a pressure of 100 atmospheres or over. 

For this purpose Pintsch gas, from which 
all liquid hydre-carbons have been removed 
while under the pressure of 14 atms., is used, 
and the dry gas is compressed directly into 
steel flasks at high pressure. Under this high 
pressure a partial condensation of the gas takes 
place, which, however, disappears as soon as 
the pressure is reduced, the gas presenting 
again its original dryness and other character- 
istics with but an inappreciable loss in candle 
power. 

A steel flask of 3.75 cu. ft. capacity and 
weighing about 330 Ibs. will, when charged to 
a pressure of 100 atms., yield about 500 cu. ft. 
of gas at atmospheric pressure. From this 
it is seen that the gas under these high pres- 
sures deviates considerably from Boyle’s Law, 
in accordance with which the flask would be 
expected to yield but 375 cu. ft. of gas at at- 
mospheric pressure. The deviation from 
3oyle’s Law at a pressure of 100 atms. amounts 
to about 33 per cent. increase. This departure, 
combined with the fact that small seamless 
flasks can be made of steel of high tensile 
strength, render it possible to reduce the 
weight of the transport holder for a given 
quantity of gas carried, by over 50 per cent. 
The space occupied by the high-pressure hold- 
ers is only about one-tenth of that of the 
holders used in transporting gas at a pressure 
of 14 atms. 

The true value of the high-pressure trans- 
portation becomes, however, most apparent in 
cases where no compressing facilities are avail- 
able, at the point of distribution, to transfer 
the gas from the transport holder to buoys or 
cars, where filling can only be accomplished 
by equalizing the pressure. In such cases but 
about 30 per cent. of the gas carried in holders 
at a pressure of 14 atms. is available for filling, 
and the remainder of the gas returns to the 
supply station unused. In the case of high- 
pressure transportation, however, fully 90 per 
cent. of the gas transported becomes available 
for filling, and under these circumstances the 
weight of the transport holders for a given 
quantity of gas filled to buoys or cars is only 
about one-sixth and the volume only about 
one-thirtieth of that of the transport holders 
used by the former method. 


COST OF DRIVING ENGINES BY 
COMPRESSED AIR 


It is often in practice desirable to know the 
amount of compressed air—generally meas- 
ured as free air, however—necessary to oper- 
ate engines of given size, and the economy 
that can be obtained thereby, or, in other 
words, the amount of fuel to be consumed to 
drive a steam actuated air compressor to de- 
velop a given horse power in the engines which 
are operated by the compressed air. This 
question is treated in a recent article by Mr. 
Snowden B. Redfield in the American Ma- 
chinist, an abstract of which is here presented. 

Few actual data from experiments are avail- 
able on these subjects, but the results shown 
by the accompanying diagrams give much in- 
formation which should be of value in this 
connection. These results have been figured 
not only for theoretical conditions, but also 
for, what is more important, practical condi- 
tions as well. The curves plotted from these 
figures will give the results which should be 
obtained with perfect apparatus and also with 
ordinary machinery in commercial use. The 
theoretical results will be found useful for 
studying the subject and for the checking up of 
actual results obtained from the machines 
themselves. The figures for practical per- 
formance are based upon actual conditions of 
operation such as would be obtained in any 
well organized plant, taking into consideration 
every probable defect in the mechanism and 
operation, which it would not be possible to 
avoid, 


THE PROPOSITION, 


It is proposed in the calculations from which 
the curves are plotted to drive a reciprocat- 
ing steam engine having a flywheel and valve 
gear, the latter being capable of suitable. ad- 
justment to give the results desired. Com- 
pressed air is supposed to be furnished by an 
ordinary reciprocating compressor of modern 
design and ordinary performance. 

It is well appreciated that to obtain economy 
in an engine of any sort expansion of the fluid 
operating in the cylinder is necessary. If ex- 
pansion in the engine cylinder using air is 
carried to too great an extent the temperature 
of the air in the cylinder will fall below 32 
degrees Fahrenheit, and consequently the mois- 
ture in the air will freeze, this freezing leading 
to the clogging up of the exhaust ports, the 
formation of ice over the outside of the cyl- 
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inder and very probably the stopping of the 
engine. For this reason it is essential that 
the temperature of the expanding air does not 
fall below the freezing point. 

In all the calculations connected with this 
case it is assumed that the terminal tempera- 
ture of the expanded air in the engine cylin- 
der shall fall to 35 degrees Fahrenheit and no 
lower. Under this assumption the engine is 
supposed to be given an earlier and earlier 
cut-off to give greater and greater economy. 
Earlier cut-off will, of course, mean greater 
ratio of expansion, and this in turn means a 
greater drop in temperature of the air. In 
order, therefore, to insure that the terminal 
temperature of the expanded air shall not be 
lower than 35 degrees, it is assumed that the 
air entering the engine cylinder is heated to a 
temperature such that with the given cut-off, 
the final temperature shall not be below this 
point, 

THE THEORY FIRST. 


Glancing at the accompanying chart, in the 
upper left-hand corner will be found four in- 
dicator diagrams. The two upper ones are for 
strictly theoretical conditions, the left-hand 
diagram being that of the air cylinder of the 
compressor and the right-hand diagram that of 
the working cylinder of the engine driven by 
the compressed air. The two indicator dia- 
grams below this represent practical condi- 
tions, taking into account all the usual losses 
due to imperfect mechanical devices and faults 
in operation. 

To make the theoretical case simpler it is 
assumed that the temperature of the atmos- 
phere is 35 degrees. The air at this tempera- 
ture enters the cylinder of the compressor, 
and in a single stage is compressed up to 90 
pounds gage pressure, when, as shown by the 
diagram, its temperature will be 415 degrees. 
This air is then supposed to enter the engine 
cylinder without any loss of pressure or tem- 
perature. If now the valve gear of the engine 
is set to cut off at just about 0.26 the air in this 
cylinder will be expanded down to atmospheric 
pressure and its temperature will have been 
reduced to 35 degrees. At this temperature 
and atmospheric pressure it is assumed that 
the air is exhausted to the atmosphere. 

Such an arrangement as this would mean 
ideal conditions, and the efficiency, calculated 
from the ratio of the work done in the engine 
cylinder to that done in the air-compressing 
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cylinder, would be 100 per cent. Furthermore, 
the mean effective pressure theoretically de- 
veloped in the engine cylinder would be about 
39 pounds and the indicated horsepower de- 
veloped in the air-compressing cylinder per in- 
dicated horsepower developed in the cylinder 
of the engine using the compressed air would, 
of course, be I. 


This is the extreme, and only theoretically 
possible, case. The worst possible case under 
theoretical conditions would be to assume that 
after the air has been discharged from the 
compressing cylinder at 415 degrees and 90 
pounds it shall have become entirely cooled 
while passing through the pipe leading from 
the compressor to the engine, so that its tem- 
perature when reaching the latter is only 35 
degrees. The pressure is assumed to remain 
at 90 pounds. Under these circumstances it is, 
of course, impossible to allow any expansion 
of the air, because no drop in temperature is 
allowable or freezing will take place. The en- 
gine must then admit air through the full 
stroke, when the exhaust valve would open 
and the air would expand simply into the at- 
mosphere without doing any useful work and 
without any appreciable temperature drop. 

Under these circumstances the indicator dia- 


gram would be represented by a rectangle, 
there being no slanting expansion curve. This 
would, of course, give very poor economy, be- 
cause although theoretically 90 pounds mean 
effective pressure is developed in the engine 
cylinder, a very large volume of air must be 
used, to do a given amount of work. To de- 
velop I indicated horsepower in the engine 
cylinder, without expansion, the compressor 
will be called upon to develop about 3.2 horse- 
power in its air-compressing cylinder, giving a 
theoretical efficiency of only about 31 per cent. 

3etween these two cases there is a wide 
range of possible conditions. In the calcula- 
tions, therefore, it is assumed that the air com- 
ing from the compressor is admitted to the 
engine cylinder at various temperatures rang- 
ing all the way from 35 degrees as a minimum, 
to 415 degrees as a maximum, and in each case 
the cutoff is so set that the air in the engine 
cylinder will expand until, at the end of the 
stroke, its temperature has dropped to 35 de- 
grees. Such an intermediate indicator dia- 
gram is shown by the full lines in the upper 
left-hand section of the accompanying chart. 
Such conditions will, of course, give rise to 
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an economy which is intermediate between that 
of the perfect theoretical conditions and the 
most imperfect theoretical conditions, as de- 
scribed. 
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CUT-OFF, MEAN EFFECTIVE AND TERMINAL PRES- 


SURES, 
Looking first at the middle diagram on the 
left-hand side of the chart, we will see that 
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when the air enters the engine cylinder with 
an initial temperature of only 35 degrees, the 
cutoff, as shown by the line so marked, will be 
unity, that is, there will be no cutoff at all. 
This, as shown, will result in a mean effective 
pressure in the engine cylinder of 90 pounds, 
there being no loss assumed under these theo- 
retical conditions. There being no expansion 
the terminal pressure will also be 90 pounds as 
shown by the curve marked “Terminal Pres- 
sure,” 

Following these curves a little further we 
will find that if the air is admitted to the en- 
gine cylinder at 100 degrees it will be possible 
to so set the engine valves that the cutoff may 
occur at about 0.75 of the stroke. This will 
result in a theoretical mean effective pressure 
developed in the engine cylinder of 85 pounds, 
and the terminal pressure by the time the tem- 
perature has dropped to 35 degrees will be 
found to be 53 pounds. At 300 degrees, under 
these theoretical conditions the cutoff may be 
vet at 0.35 stroke. The theoretical mean ef- 
fective pressure developed in the engine cyl- 
inder will then be about 53 pounds and the 
terminal pressure will have fallen to about 9 
pounds, the terminal temperature, of course, 
being 35 degrees as in every case. If the air is 
allowed to enter the engine cylinder at 415 de- 
grees, the results will be as already outlined 
for the most perfect theoretical conditions. 

QUANTITY OF AIR REQUIRED. 

After this study of the engine indicator 
diagram we may determine the quantity of 
free air required per minute to develop 1 
indicated horsepower in the engine cylinder, 
under these same varying conditions. Look- 
ing first at the theoretical state of affairs as 
shown by the dotted curve in the lower left- 
hand section of the chart we will find that with 
35 degrees initial temperature in the engine 
cylinder it will require a little over 18 cubic 
feet of free air per minute to develop 1 indi- 
cated horsepower. At 300 degrees initial tem- 
perature about 7 cubic feet of free air and at 
415 degrees about 5.9 cubic feet. will be re- 
quired per minute to develop 1 indicated horse- 
power in the engine cylinder. In each case 
this air is measured at atmospheric pressure 
and 35 degrees temperature. 

REHEATING. 


At this point something should be said about 
reheating, as this is one of the most important 


points in the use of air in engines having cut- 
off. So far we have assumed that the air de- 
livered to the engine has simply cooled to a 
certain point as it passes through the pipe line 
between the compressor and the engine. Un- 
der actual conditions it usually happens that 
the air has cooled to very nearly atmospheric 
temperature before reaching the engine, and 
consequently, in order to obtain economy by 
the use of cut off in the engine, it is necessary 
to reheat the air before allowing it to pass into 
the engine cylinder. This reheating of the air 
of course means the consumption of additional 
fuel, but, owing to the nature of compressed 
air itself, this additional heat put into the air 
will develop power in the engine cylinder with 
an economy practically unattainable by any 
other method of transforming heat energy into 
motion. By means of separate reheaters, 
therefore, it is possible not only to use com- 
pressed air in an engine where conditions 
make it desirable to use air instead of steam, 
but it is also possible to develop power with a 
very reasonable degree of economy. 

When burning coal under a steam boiler an 
economy of 70 or 75 per cent. is possible and 
often is attained. With a properly designed 
reheater for heating the compressed air before 
entering the engine it is undoubtedly possible 
to obtain an economy equal to this, but under 
ordinary working conditions the reheater in 
an air plant receives but scant attention unless 
a special man is hired for this purpose. In- 
deed, considering the neglect which reheaters 
receive under usual conditions the economy 
obtained by their use is wonderful. However, 
not to favor the reheater too much it is as- 
sumed in these calculations that the efficiency 
of the transference of the heat from the coal 
to the air is only 50 per cent. In other words, 
only one-half of the heat available in the coal 
is assumed to have been put into the com- 
pressed air in the reheater before actually en- 
tering the engine cylinder. 

This compares with rather poor steamboiler 
practice, but at this point the analogy ceases, 
for with the steam plant, although the steam 
may contain 70 or 75 per cent. of the heat of 
the coal, only about 12 or 15 per cent. of this 
heat is actually transformed into work in the 
engine cylinder. On the contrary, when using 
heated air in an engine cylinder the economy 
of the transformation of the heat in the air 
into work may well reach 80 per cent. 
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POWER IN THE REHEATER. 

All heat which is put into the air in the re- 
heater must, of course, represent additional 
energy from the coal pile, just the same as the 
energy which is put into the air by its com- 
pression in the air compressor, and therefore 
the coal burned’ in the reheater should be 
charged against the plant in obtaining the 
total economy. In the upper central diagram, 
and also in the upper right-hand diagram 
showing power curves, will be found curves 
marked “equivalent value of reheat in indicated 
horsepower.” The dotted curve, representing 
the theoretical conditions, assumes that the air 
is reheated from the temperature of the at- 
mosphere, namely 35 degrees, to the various 
initial temperatures marked underneath the 
curves. Practical conditions will be described 
further on. 

Examining the upper central diagram it will 
be found that, for the theoretical conditions as 
shown by the dotted line, the equivalent value 
of the reheat is of course zero when the air 
enters the engine cylinder at 35 degrees, and 
when the initial temperature is raised to 100 
degrees it is seen that the heat in the air is 
equivalent to about 0.37 indicated horsepower 
per indicated horsepower developed in the en- 
gine cylinder by the hot compressed air. 

This increases as the temperature is raised 
until finally, when the air is reheated to an 
initial temperature of 415 degrees, correspond- 
ing to the temperature at which it left the 
compressor cylinder, the heat put into the air 
is equivalent to I indicated horsepower per in- 
dicated horsepower developed in the engine 
cylinder. 

We have already found that in order to 
compress the air to 90 pounds pressure and 
develop I indicated horsepower in the engine 
cylinder under the theoretically perfect con- 
ditions, I indicated horsepower has also been 
developed in the compressing cylinder. This 
goes to show, therefore, that all of the work 
which is done in the engine cylinder has come 
from the heat in the air, and as it has been 
assumed that the compressed air has entirely 
cooled to 35 degrees and then been reheated 
by the separately fired reheater to 415 degrees, 
it is this extra heat put into the air in the 
reheater which does the work in the engine 
cylinder. As far as the work done in the com- 
pressor is concerned this latter is all thrown 
away when the air in the pipe line has been 
allowed to cool down to its original atmos- 


pheric temperature. In other words, under 
these circumstances, the compressor has done 
I indicated horsepower of work, which has 
then been lost in radiation and the reheater 
has added another indicated horsepower in the 
shape of heat, making 2 indicated horsepower 
expended upon the air to develop 1 indicated 
horsepower in the engine cylinder. This is a 
theoretical efficiency of 50 per cent. 
EFFICIENCIES. 

All of these factors of horsepower developed 
in the compressor; horsepower put into the 
air in the reheater, and total indicated horse- 
power put into the air per indicated horsepower 
in the engine, will be found in the upper cen- 
tral diagram. In the lower central diagram 
will be found the corresponding curves for 
efficiency. Two of these curves are marked 
“efficiency exclusive of reheat.” By this is 
meant that no reheater is used, but that under 
the conditions of operation the air from the 
compressor has simply cooled by radiation in 
the discharge pipe, from its natural tempera- 
ture of 415 degrees, to the various initial tem- 
peratures shown at the bottom of the diagram, 
and that the work done has actually come 
from the compressor only. This work of the 
compressor is represented by the line in the 
diagram just above, marked “indicated horse- 
power of single stage compressor per indi- 
cated horsepower of engine,” etc. The indi- 
cated horsepower of the compressor refers to 
the air end only, in all cases. 


PRACTICAL CONDITIONS. 

Looking now at the two indicator diagrams 
marked “Practical conditions” in the upper 
left-hand corner of the chart, it will be found 
that the following practical considerations are 
assumed: The atmosphere is assumed to be 60 
degrees, and the compression efficiency of the 
air cylinder of the compressor is assumed to 
be 94 per cent., that is, 6 per cent. loss over 
and above theoretical adiabatic conditions; 88 
per cent. mechanical efficiency of the compres- 
sor also is allowed. Further, it is assumed 
that there is a ten-pound pressure drop in the 
pipe line from the compressor to the engine, 
and consequently the compressor must pump 
the air to 100 pounds pressure, in order to 
reach the engine at 90 pounds. Also it is as- 
sumed that under the worst case of cooling 
of the air from the compressor, the initial 
temperature of the air in the engine cylinder 
is 70 degrees, or 10 degrees above the at- 
mosphere. It is from this temperature that all 
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the reheating is calculated under the practical 
conditions. Furthermore, the back pressure or 
exhaust of the engine using the compressed 
air, is considered to be 2 pounds above the 
atmosphere. : 

To allow for the rounding of the corners of 
the diagram, due to the operation of the valve 
gear, a diagram factor of 90 per cent. is used; 
or the mean effective pressure actually de- 
veloped in the engine will be 90 per cent. of 
what would theoretically be obtained under 
the conditions of initial pressure and the given 
cutoff. As a final practical condition, the 
engine cylinder is supposed to contain 8 per 
cent. clearance, this clearance operating to in- 
crease the amount of air required. Just as 
in the theoretical condition, it is likewise as- 
sumed that the final temperature of the air 
after expansion is 35 degrees, or just above 
freezing. No leakage in the system is taken 
into account, as it is considered that the pipe 
lines and connections for a permanent installa- 
tion would have no more leaks than a similar 
steam pipe line leading from a boiler to an en- 
gine. 

PRACTICAL TEMPERATURE RANGE. 

Under the best practical conditions, allowing 
the air in the engine cylinder to expand down 
to two pounds above atmosphere for the back 
pressure, the initial temperature in the cylin- 
der can be 385 degrees. With these conditions 
a cutoff of about 0.27 can be used, resulting in 
a practical mean effective pressure in the en- 
gine cylinder, with all the above enumerated 
losses taken into account, of about 37 
pounds. These conditions are shown by the 
dotted indicator diagram in the lower set, 
having these temperatures and pressures mark- 
ed upon it, in the upper left-hand portion of 
the chart. 

From the chart it will be seen that 385 de- 
grees is the maximum temperature of reheat- 
ing which is practically considered. Of course 
it would be perfectly possible to heat this air 
to a much higher temperature provided lub- 
rication troubles were not encountered, but 
under these circumstances one of two things 
would happen. First, if the temperature were 
greater than 385 degrees, and the expansion 
were carried out to 35 degrees, the terminal 
pressure of the air in the cylinder would be 
below the back pressure; producing a loop in 
the indicator diagram. If, however, with an 
initial temperature greater than 385 degrees, 
the expansion were carried down just to meet 


the back pressure line without producing either 
a drop or a loop, the temperature of the air 
in the cylinder at that point would be consid- 
erably above 35 degrees, and consequently we 
would not have obtained from the air all of the 
work available in the heat. This, therefore, 
would result in loss of economy. For these 
reasons the calculations have been stopped, 
as shown, with an initial temperature of 385 
degrees as a maximum. 

Glancing at the full line curves in the lower 
left-hand diagram of the chart,’ this curve 
being marked “cubic feet free air per minute 
at 60 degrees per indicated horsepower engine, 
practical conditions, ete.” it will be found 
that with a minimum initial temperature of 70 
degrees, about 20 cubic feet of free air per 
minute per indicated horsepower developed in 
the engine will be required. This falls off, as 
shown by the curve, until, with the most ad- 
vantageous practical conditions of 385 deg. 
initial temperature, about 9.3 cubic feet of 
free air will be required per minute per indi- 
cated horsepower of the engine. 

POWER REQUIRED, 
In the upper central diagram will be found 
the full line curves of practi¢al conditions, 
showing the horsepower developed in the com- 
pressor, that added in the reheater and the 
total horsepower put into the air per indicated 
horsepower developed in the engine cylinder. 
In the lower central diagram will be found 
also the full line curves of practical efficiency. 

All of the curves so far considered assume 
the use of a single-stage compressor. Glancing 
at the upper right-hand set of curves on the 
chart, there will be found results of practical 
considerations only, and this time assuming 
the use of a compound compressor, All of the 
losses, as already outlined for the practical 
case, are included. 

MAXIMUM POWER ECONOMY. 

From the two curves of practical efficiency, 
including reheat from 70 degrees, this effi- 
ciency being from indicated horsepower in the 
engine cylinder to the indicated horsepower in 
the compressing cylinder of the compressor, 
it will be noted that a point of maximum effi- 
ciency is reached, and so it would appear that 
there would be no advantage in reheating the 
air beyond 275 degrees when using a single 
stage compressor, or 250 degrees with a com- 
pound compressor. The curves show a de- 
crease in efficiency after these temperatures 


are exceeded. As far as efficiency is concern- 
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ed, this is true, but this is not the whole story. 
The efficiency in these particular cases does 
not mean dollars and cents directly, for, as al- 
ready pointed out, the heat put into the air in 
the reheaters is developed into work in the en- 
gine cylinder at an extremely economical rate. 

In order to understand this, it is necessary 
to glance at the lower-right-hand set of 
curves. Here the calculations are referred 
back to the coal pile, and all the results are 
strictly practical, the conditions imposed being 
as shown on this diagram. These conditions 
assume 18 pounds of steam per indicated 
horsepower per hour in the steam end of the 
compressor, and an evaporation of 7% pounds 
of water per pound of coal in the boiler, in ad- 
dition to all the other practical conditions as 
to compression, expansion, pressures, tempera- 
tures and clearance already enumerated. 

COAL PILE ECONOMY. 

In this set of curves it will be found that 
there is one marked, “coal per hour per indi- 
cated horsepower of the engine, single-stage 
compressor only,” and another one marked, 
“coal per hour per indicated horsepower of 
the engine, compound compressor only.” These 
curves do not include the coal put into the re- 
heaters, and may, therefore, be taken as the 
results, assuming that the air from the com- 
pressor has simply cooled down in its passage 
from the compressor to the engine, to the 
various initial temperatures as marked at the 
bottom of the curve. At the extreme bottom 
of the diagram will be found another curve 
which is marked, “coal per hour in the re- 
heater with 50 per cent. efficiency, reheating 
from 70 degrees.” As intimated, this curve 
assumes that only one-half of the heat avail- 
able in the coal burned in the reheater 1s 
actually present in the air after passing to the 
engine. ; 

All the results in these curves are per indi- 
cated horsepower developed in the engine, and 
it will be found that with 385 degrees initial 
temperature, the compound compressor will 
require about 4.2 pounds of coal per hour, and 
the single-stage compressor will require about 
4.9 pounds of coal per hour. However, 
glancing at the curve for the reheater, it will 
be found that at 385 degrees only a little over 
one-half pound of coal per hour is required to 
heat the air to this temperature. The quantity 
of coal required in the reheater as given by the 
lower curve, is added to each of the upper 
curves marked, for the “compressor only,” so 


as to give the total coal per hour per indicated 
horsepower of the engine, both with a single- 
stage and a compound compressor, as shown. 
This total quantity, it will be seen, varies from 
g.8 pounds per hour with no reheat and a 
single-stage compressor, to 5.4 pounds with re- 
heating to 385 degrees. For the compound 
compressor this total coal per hour varies 
from 8.5 pounds to 4.8 pounds per hour per 
indicated horsepower of the engine, according 
as the reheat increases and the cutoff shortens, 
giving greater economy. 

It will be noticed from these latter curves 
that a point of minimum coal used is not 
quite reached as far as the calculations are 
carried out. It has already been explained 
why a higher temperature of reheating has 
not been figured upon. This then shows that 
reheating is economical from the dollars and 
cents point of view, even beyond the point 
where economy seems to decrease from the 
strictly B.t.u. point of view. This is due sim- 
ply to the fact, as already explained, that the 
B.t.u. put into the air in the reheater are put 
in at a much cheaper rate than those put into 
the compressor through the steam cylinders of 
the latter. As a matter of fact, the trend of 
the curve for total coal per hour in the com- 
pound compressor, including reheat, does ap- 
pear to reach just about a minimum point be- 
tween 385 and 400 degrees. This point, there- 
fore, would seem to be the maximum reheat 
temperature for practical conditions. 





A BIG QUARRY BLAST 

A blast of memorable magnitude was recent- 
ly fired at the C. C, Cumbler quarry, near 
Steelton, Pa. The rock from this quarry is 
used by the Pennsylvania Steel Company for 
flux in its blast furnaces, and the stone broken 
by this single blast will last the company four 
months. Thirteen 6-inch holes were drilled 
125 feet deep, which reached below the ground 
level at the foot of the cliff. The holes were 
25 feet back from the face of the cliff and 
about 20 feet apart, the line of them thus ex- 
tending about 250 feet. In each of the holes 
were put eighteen or nineteen 50 pound cases 
of the explosive and above this charge, or 
more than half the depth of the hole, earth 
was tamped in hard. It was estimated that 
70,000 tons of rock were liberated by the blast, 
and it was broken so small that practically 
no more powder will be required to reduce 
it to “one man” size. 
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HYDRAULIC AIR COMPRESSING 
SCHEMES 

The following is a portion of a paper by 
George C. McFarlane in Mining and Scientific 
Press, San Francisco. It shows several ways 
in which water may be employed directly in air 
compression without the intervention of the 
usual mechanical devices. Economical em- 
ployment of the power in sight is of course 
not to be expected, and when the cost of in- 
stallation is reckoned with it will be seen that 
the air is not compressed for nothing in any 
case. 

For mines or prospects that are close to 
high-line ditches or swift streams, where a fall 
of several hundred feet can be secured with a 
mile or two of ditch and flume, the following 
simple contrivance can be used for direct air- 
compression. As shown in Fig. 1, a short noz- 
zle is bolted to the pipe-line; this nozzle is 
plugged with a grooved cast block so as to di- 
vide the jet into ten or twelve streams as 
shown in the enlarged cross-section at the right 
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throat conform closely to those shown in the 
sketch, the combining nozzle being in length 
about thirty times the diameter of the small 
jets. This is long enough to thoroughly mix 
the air and water. These multi-jets exert a 
strong suction; 20-lb. pressure will pull a 20- 
in. vacuum, If the pressure head of the water 
is 400 ft. and the air pressure 80 lb., 1 ft. of 
water will compress 1.5 ft. of free air, and the 
ratio between the area of the issuing jets and 
the area of the throat should be 1 to 2.1. This 
scheme may be used to good advantage around 
placers in case it is desirable to use a couple 
of small drills for block-holing the big bould- 
ers. If there is a good pipe-head, an inch and 
a quarter bleeder turned into a small jet- 
compressor would furnish ample air. 

In districts where only moderate heads of 
water are available, and no great expense can 
be incurred, I suggest a form of direct com- 
pressor similar to that shown in Fig. 2, which 
is practically a highly developed hydraulic ram. 
To understand the application of the ram or 
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FIG, 1. 


of the cut. These streams are directed into a 
throat pipe similar in shape to the casing of 
the Venturi meter. Air is sucked in and com- 
mingles with the water in the long gently 
tapering combining nozzle, and passing the 
throat the stream expands into a length or two 
of large pipe where the air bubbles separate 
and pass into the nozzle pipe of the air-re- 
ceiver. 

Only a portion of the energy of the water 
can be used in this way. For example, if the 
pipe-head were 400 ft. and the air pressure 
used 80 Ib., 200 ft. of the head would be ex- 
pended in compressing the air. After being 
freed from the entrained air, the water would 
be under a pressure of 80 ib.; equivalent to 
nearly 200-ft. head. This could be used to run 
a water-wheel, or allowed to run to waste. 
In the latter case the system would be waste- 
ful, but in many cases a cheap, easily installed, 
plant is preferable to a more expensive one of 
high theoretical efficiency. To get good results 
it is important that the lines of nozzle and 


water hammer principle to air-compression, we 
will suppose a 40-ft. head of water has been 
flumed to the compressor site and conveyed 
from the pressure box to the compression 
chamber by 200 ft. of 2-ft. steel pipe laid on a 
fairly uniform gradient. We will also assume 
that the compression chamber holds 60 cu. ft. 
of free air. The first stage will be to turn the 
water pressure on the air-chamber, which will 
fill a little over half full and compress the air 
to 17.5 lb. Now to compress this air to 80 Ib. 
and force it out of the chamber into the air- 
receiver will require the expenditure of 285,000 
foot-pounds of energy. Our 200-ft. column of 
water in the pipe weighs 39,000 lb. If this 
column of water were allowed to fall freely 
(by suddenly opening the full cross-section of 
the lower end of the pipe) for a vertical dis- 
tance of 7.2 ft., or 36 ft. on the slope of the 
pipe, it would, neglecting pipe friction, acquire 
a velocity of 21.9 ft., and a kinetic energy of 
285,000 foot-pounds. If this were suddenly 
deflected into the compression chamber it 
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would just have energy enough to ram the air 
to 80 lb. and drive it out of the chamber at 
that pressure. It is evident that the lower 36 
ft. of water would have gone to waste without 
accomplishing any work. This means a loss 
of 18 per cent. The friction would take an- 
other 10 per cent, and if we assume fibre 
stresses of 10,000 lb. per inch in the metal of 
the pipe-line at 80 lb., the volumetric expan- 
sion of pipe-line and chamber under the ram- 
ming stress would amount to 44 cu. ft.; occa- 
sioning a further loss of I per cent. This 
leaves the net theoretical efficiency about 70 
per cent. From the above it is apparent that 
the longer the ramming stroke the greater the 
loss both from waste water and pipe friction. 
If, however, the air were rammed in the cham- 
ber in three or four stages, the theoretical loss 
would be reduced from 30 to less than Io per 
cent. 

To accomplish this latter is the idea of the 
design shown. The penstock pipe curves up- 
ward and delivers the water to the compres- 
sion chamber through an enlarged orifice, the 
throat of which is opened and closed by a 
plug controlled by a hydraulic cylinder over 
the chamber. The pulsations in the pipe-line 
are caused by a large annular exhaust valve 
the full size of the chamber. The exhaust 
valve rests in an annular casing surrounding 
the inflow and is opened and closed by a pis- 
ton valve actuated as shown by a small water- 
motor. For the case cited above, the piston 
valve would pulsate about fifty beats per min- 
ute and four pulsations would fill the chamber. 
To prevent the water kicking back out of the 
compression chamber during the overflow 
cycle, a diaphragm with down closing wing- 
valves hangs on a shoulder of the piston rod. 

The operation of the compressor is as fol- 
lows: The small water motor pulsates the pis- 
ton valve at any desired rate, the rocker-arm 
raising it and the dash-pot snapping it back. 
When water is turned in the main pipe line, 
it rushes into the lower port of the hydraulic 
cylinder, which raises the plug and diaphragm. 
The water now makes three pulsations, the 
third bringing the water surface in the cham- 
ber to the upper float, opening the auxiliary 
air line. Depending on the height of the wa- 
ter surface, the opening of the small port of 
the float valve is much or little. In the 
former case the piston valve gets a quick cut- 
off and the final pulsation is short. If the 
pul-atio-s were not sth-4ivrided into stages 
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and the last one approximately regulated to 
the work it has to accomplish, the unbalanced 
water hammer would severely strain the ma- 
chine. Coincident with the last pulsation the 
auxiliary air line also shifts the top valves, 
reversing the hydraulic cylinder, lowering 
plug and diaphragm, and at the same time the 
exhaust valve opens wide, permitting the wa- 
ter in the chamber quickly to escape. The re- 
ceding water level throws the lower float and 
releases the air from the auxiliary line, throw- 
ing the upper cylinder valves and starting a 
new cycle. A check in the right hand cylinder 
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FIG. 2. 


feed-pipe holds the piston and diaphragm in 
position during the pulsations of the com- 
pression cycle. The compressor is shown on a 
concrete foundation. A light foundation will 
answer the purpose equally well. It is only 
necessary to pack the piston of the hydraulic 
cylinder and use a wood or leather bearing- 
ring for the diaphragm. The exhaust and pis- 
ton valve only need to be machined to a rea- 
sonably close fit in their casing. The leak- 
age through them, compared to the large vol- 
ume handled, would be unimportant and any 
larger diameter. Assuming the head of water 
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scheme of packing rings would impede their 
free action and increase the expense and dif- 
ficulty of construction. 

For utilizing high heads of water a direct- 
acting compressor similar to the one shown in 
Fig. 3, may be employed. This involves 
practically the same principles as the preced- 
ing one. As a pressure of 500 or 600 ft. of 
water would be too much to turn against the 
air, a hydraulic plunger is direct-connected 
to a piston of an air chamber of considerably 
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FIG. 3. 


at 300 feet. and the plunger 18 in., and the air 
piston 36 in. diam., if the water were ad- 
mitted slowly to the plunger, 33 lb. of air at 
0.7 stroke would balance the water pressure. 
If the full pipe head were thrown on sud- 
denly, the unbalanced pressure of the air in 
the first stages would allow the column of 
water in the pipe to acquire velocity head, 
which would carry the air pressure up to 70 
Ib. at 0.8 stroke, allowing a good margin for 
friction and other losses. In the design 
shown, the last 0.2 of the stroke of the air 
piston would be completed by three or four 





quick pulsations of overflow and water ham- 
mer. The arrangement is such that two rotary 
gate-valves, opened and closed by air pres- 
sure, alternately admit and release the pres- 
sure on the plunger. When the pressure is 
turned on, the plunger is shoved upward over 
three-quarters stroke, the water meanwhile 
flowing in the take-up cylinder. The air pres- 
sure gained is held by the ball check-valve in 
the take-up cylinder feed-pipe. At this junc- 
ture the air pressure is sufficient to crowd 
out the valve-stem dog and engage the rocker- 
arm oscillated by the water motor, tripping 
the lower piston valve overflow, and causing 
three or four pulsations of water-hammer to 
completely expel the air into the air-line and 
receiver. At the end of the stroke the piston 
trips the tappet in the auxiliary air-line, caus- 
ing the main valve to close. The exhaust then 
opens. As the exhaust gate opens, it unseats 
the ball valve in the cylinder feed-pipe, allow- 
ing the plunger to sink, and the displaced wa- 
ter siphons into the tail race. The length of 
the last pulsation at the end of the com- 
pressing stroke is modified by the space to 
be traversed by the piston. If only a short 
distance, the needle tappet is raised higher, 
and a quick cut off is given to the piston 
valve. The pistons in the air chamber and 
take-up cylinder would need to have metal 
packing rings, as they must be tight. The 
plunger would only need to be a machined 
fit, as the leakage would spray the sides of 
the compression chamber and keep it rea- 
sonably cool. This latter design of machine 
would not furnish as good air as the pre- 
ceding designs, because the air chamber would 
have to be lubricated and the air, not being in 
direct contact with the water, would be more 
or less heated and saturated with oil. 





NOTES ON THE POHLE AIR LIFT 
By W. S. ANDERSON. 


The proportions of piping, submergence, etc., 
in the Pohle air lift may be arrived at mathe- 
matically, basing the calculations on the ex- 
pansion of the air bubbles as they rise to the 
discharge where the head due to the sum of 
the water pistons above diminishes, and on 
the usual formulas covering capacities of air 
and water pipes; but for practical purposes in 
the case of small wells reliable results may be 
arrived at from the following: 
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It is found in practice that the length of 
pipe submerged below the normal pumping 
level after the water has fallen should range 
from 30 to 60 per cent. of the total length of 
pipe from the bottom end to the top of dis- 
charge, the latter ratio of 60 per cent. generally 
giving the greatest efficiency. The air pres- 
sure should vary from three-quarters of the 
pressure due to the total lift for shallow wells 
to six-tenths for deep wells. It should be such 
that it will about equal atmospheric pressure 
at the point of discharge, unless high velocity 
is desired at the expense of economy. That is, 
it should equal the head in feet multiplied by 
0.434 plus a few pounds for friction, this lat- 
ter depending oh the length of pipe and fric- 
tion head. In this connection it should be re- 
membered that where a central air pipe is used 
in drilled wells, on account of there not being 
room for the air pipe outside of the water pipe, 
the friction head is greater. If the compressor 
is close to the well, the reservoir should be 
proportioned to reduce all impulses, though in 
the case of a long air line this will to a great 
extent take care of itself. 

In the case of a large well casing, where the 
inflow into the well is small, or where the de- 
sired amount of water is small in proportion to 
the capacity of the pipe,-the air pipe, if central, 
should purposely be made large enough to pre- 
vent blowing, the most desirable proportion, as 
indicated by practice, being about 1.2 for small 
wells and 1.3 where the diameter of water pipe 
is over 2% in.; or the area of the water pipe 
is about six times the area of the air pipe for 
average cases. If the air is taken from shop 
air mains, where variable service causes a large 
variation in air pressure, and the air is not 
run through a reducing valve, the sudden ex- 
pansion of high-pressure air at the discharge 
is likely to cause trouble, if the discharge is 
into a covered or practically closed tank. This 
may be relieved by putting a large-sized safety 
valve at any convenient bend. 

Assuming 60 per cent. submergence, the 
volume of free air for maximum economy may 
be roughly taken from the following: For lifts 
of 25 ft., 13 cu. ft. of air for 100 gal. of water; 
for lifts of 75 ft., 28 cu. ft. of air per roo gal. 
of water; for lifts of too ft., 36 cu. ft. of air 
per 100 gal. of water; for lifts of 150 ft. 57 
cu. ft. of air per 100 gal. of water; for lifts of 
200 ft., 75 cu. ft. of air per 100 gal. of water. 

With side inlets and 34-in. air pipes and 


14-in. water pipe, the ordinary capacity will 
be about 25 gal. per min., and for larger wells 
the capacity may be assumed as varying nearly 
but not quite with the square of the diameter 
of the water pipe. For example, a 6-in. water 
pipe will ordinarily give a flow at fair economy 
of from 400 to 425 gal. per min. In the case of 
central air pipe with 3%4-in. casing, the output 
should be about 110 gal. per min., or 230 gal. 
with 5-in. pipe, and other sizes in proportion. 
Generally speaking, from Io to 14 gal. per sq. 
in. of area of water pipe, after deducting the 
air-pipe area, will be about right, the smaller 
figure being used for short lifts and the larger 
figure for lifts of 100 ft. or over. 

The matter of economy is generally misun- 
derstood and most of the claims of high effi- 
ciency should be taken with rather a liberal al- 
lowance. While under favorable conditions it 
may be possible to approach 70 or 8o per cent. 
efficiency figured from the discharge back to 
the indicated horse-power of the compressor, 
most of the tests of ordinary wells where ex- 
treme submergence is not possible seem to in- 
dicate efficiencies between 20 and 35 per cent. 
It should also be understood and remembered 
that the air lift is not well adapted to forcing 
water horizontally, and horizontal discharges 
of over 40 or 50 ft. should be avoided, except 
by discharging into a tank with a gravity flow 
the rest of the distance.—Power and the Engi- 
neer. 





COST OF HYDRAULIC AIR COM- 
PRESSION 


The Taylor system of air compression, 
adapted to the development of waterfalls of 
moderate height and copious volume, has 
elicited much favorable comment, and where 
it has been installed it has been completely 
successful so far as the actual compressing of 
the air is concerned, but the cost which seems 
inevitable in its installation is not so familiar- 
ly known. The following account of one 
plant is given by Mr. Geo. C. McFarlane in 
Mining and Scientific Press (San Francisco). 

“The most recent installation is a 5,000 h. p. 
plant now about completed at the ragged 
chutes of the Montreal river, nine miles south 
of Cobalt, Ontario. Work has been in pro- 
gress on this installation for three years and 
for the past year a force of 200 or 300 men 
has been employed. The Montreal river has 
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here, in about 1,000 ft. a drop of 28 ft. The 
power people built a concrete jetty into the 
middle of the river and, to protect the oppo- 
site bank from cutting, built a concrete wall 
in a trench a few feet back and parallel with 
the bank. During the high water this sum- 
mer (1909) the river current, thrown side- 
ways by the jettly, gouged into the opposite 
bank as far as the concrete wall and partly 
undermined it, which illustrates one way of 
how not to attempt to raise the level of a 
swift river, 

“Just below the jetty, at the head of the 
rapids, are two shafts, steel-lined, 16 ft. in 
diameter and 360 ft. deep. A 20 by 26 ft. 
tunnel, 1,000 ft. long, connects these shafts 
with the uprise shaft at the foot of the rapids. 
The air is compressed to 140 lb. and is con- 
ducted to Cobalt by a 20 in. pipe. The pipe 
was made in 4o ft. lengths, with welded 
flanges and sliding expansion joints set in con- 
crete pits every half mile. Aside from the 
transmission pipe lines I would estimate the 
cost of the plant at the chutes as not far 
from $1,000,000: This makes the cost per 
horsepower for installation about $200, which 
does not compare favorably with the cost of 
an ordinary air plant. I know of two small 
plants that were installed for less than $90 
per horsepower, including flume and pipe line, 
as well as wheel and compressor.” 





MISTAKES IN DRAWING THE LINE 
ON OPERATING COST 

The generally excellent and practical text 
book, “Examination Questions for Certifi- 
cates of Competing in Mining,” contains a 
question relating to the probable cost of driv- 
ing a tunnel 7.5 ft.x9 ft. in the southern an- 
thracite coal field, from the Primrose bed to 
the Skidmore bed, the measures pitching 30 
degrees. 

“Ans.—According to the sections of the 
State Geological Survey, the mean distance 
between the Primrose and Skidmore seams 
is 450 feet, and as the measures are pitching 
30 degrees, the length of the required tunnel 
will be: 


450 450 
=—— = 900 ft., or 300 yds. 
Sine of 30 degrees 5 





“The average complete cost per linear yard 


for driving tunnels 7.5 X 9 ft. will not be less. 
than $40 for hand drilling, and therefore the 
total cost of the tunnel will be 40X300= 
$12,000. If compressed air were at hand to 
run the drills this cost would be reduced to 
possibly one-half this amount, but it would 
not pay to install a plant for this work only.” 

Mr. John E. Ambrose, General Superintend- 
ent Big Vein Pocahontas Coal Company, 
writes to Mines and Minerals as follows, ques- 
tioning the practical correctness of the above 
answer: 

If there can be a saving of one-half, or 
$6,000, by installing a compressed-air plant, I 
would by all means be in favor of putting it 
in. For instance, take the following estimate: 





Nar SSOMPTESSOT 2... 34000005 $1,400 
SOK WS 6G. s6se.tiswsces ROO 
2 tunnel columns ............ 100 
PARE ETON aS Nsw hig ak os 100 
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Arata ete Gs 5 5-2) isicsc oes 300 

J EO PORE e eee staan yaa es 2,700 


Or, approximately $3,000 for a plant to carry 
the work on to completion. The above is from 
a practical standpoint. Therefore, if by instal- 
ling a compressor, we can do the work for 
half the money, or $6,000, and we can install 
a plant for $3,000, then we have saved $3,000 
on the deal and and also have the plant on 
hand for any other work that may rise from 
time to time, such as overcasts, etc., or could 
sell it and it would bring 50 per cent. of its 
cost. 





EXCUSES FOR “SAND HOGS” 


William Smith, a negro who had been em- 
ployed in the East River tunnels, was recently 
found guilty in a New York court of stabbing 
a man in a fight over a crap game. He could 
have received five years in Sing Sing for the 
offence, but he got six months in the peni- 
tentiary instead. “Court records seem to 
prove,” said the judge, “that, either because 
they breathe too much oxygen or are af- 
fected by the air pressure, sand hogs are more 
quarrelsome than the average man of other 
callings. They are constantly getting into 
trouble, and I think, in part at least, they can- 
not help it.” 
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AN AUTOMATIC COMPRESSED-AIR- 
SAVING STOP VALVE 

ComMpPRESSED AIR MAGAZINE is alone re- 
sponsible for the above descriptive title. The 
device shown in the cut (The Engineer, Lon- 
don) is known as the Atlas Isolating and 
Stop Valve, and is one of a series of “Titan” 
fittings made by J. Cowens & Co., Newcastle- 
on-Tyne, England. 

There are sometimes leakages in compress- 
ed air systems, due to accident, neglect or 
otherwise. Sometimes the air is put to im- 
proper uses, such as the clearing of holes and 
the cooling of tanks and holds in warm 
weather, notwithstanding the fact that orders 
have been given that the air shall not be so 
used. The purpose of the valve here shown 
is to cut off the supply of air should the de- 
mand at any time exceed a predetermined 
amount. The valve will thus close should 
either the supply pipe be fractured or the 
air put to another use besides that of work- 
ing the tool or tools arranged for. Not only 
will the valve close when a pipe is burst, but 
when the repair is effected it will automa- 
tically, after a short interval, recontinue the 
supply as before. 

The valve is connected to the compressed 
air main by means of the screwed connection 
a, and when everything is working properly 
the air passes through the slotted holes bl, 
as shown by the arrows, and away to the tool 
supply pipe through the orifice c. If, how- 
ever, the demand for air increase beyond the 
point desired and arranged for, in a manner 
which we shall proceed to describe, then the 
rush of air carries the valve d along with it, 
forcing it on to the valve seat d’ and cutting 
off the supply. The point at which this oc- 
curs may be adjusted within considerable 
limits. It will be noticed that in the chamber 
below the valve there is a spring e. The top 
of this is provided with a plate having a de- 
pression in it to receive the rounded bottom 
of the spindle of the valve—as shown in the 
engraving the plate is represented for clear- 
ness as not quite reaching the bottom of the 
spindle. The compression of the spring may 
be varied by means of the plunger f which 
screws into the chamber, and can be clamped 
in any desired position by means of the lock- 
nut g. The spindle of the valve has a %-in. 
hole 7 drilled in it from the top nearly to the 
bottom, where, at m, the size of the hole is 
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AIR-SAVING STOP VALVE. 


reduced to that of a pin’s point. Arranged 
above the valve is a screwed spindle h with a 
point k, this point ordinarily resting in the 
top of and closing the hole / in the valve, as 
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shown. This spindle is provided with a square 
top for the reception of a small hand wheel, 
by means of which the amount of pressure of 
the point k on the top of the valve can be 
adjusted. It will be realised that by this ar- 
rangement, when an amount of air beyond that 
wished for is passing the. valve will close. It 
will be obvious that if necessary the valve 
may be used as a stop valve by screwing the 
spindle h down far enough to force the valve 
d on to its seat d’. 

We mentioned above that the valve, be- 
sides closing automatically, also opened in the 
same manner when, for instance, the tool pipe 
is repaired. Attention has been already drawn 
to the hole / in the valve spindle and to the 
pin-point hole m connecting with this hole /. 
As soon as ‘the valve in being forced on to its 
seat leaves the point k of the spindle h air can 
find its way down the hole / and through the 
pinhole m. The amount of air which can 
pass is very small, and is allowed to go to 
waste, but it is enough as soon as the repair 
is effected and the system of piping, etc., made 
tight gradually to raise the pressure beyond 
the valve until it equals that on the supply 
side. At this moment, or perhaps even a lit- 
tle before it, the spring e asserts itself and 
forces up the valve d.. Operations can then 
recommence. It is clear that unless there 
were some such device as the foregoing, it 
would be impossible to reopen the valve when 
once it was closed without cutting off the 
pressure on the supply side. The valve is 
made to work in any position, but preferably 
vertical, and it is intended to be fitted close up 
to the supply main, and to take the place or- 
dinarily filled by a stop-cock. 





CHANGE OF LOAD APPORTIONMENT 
IN TWO-STAGE AIR COMPRESSOR 


In a recent issue of Power and the En- 
gineer a correspondent tells of a compressor 
breakdown and what they did about it. There 
was a motor-driven, cross-compound, 16 and 
10 by 14 inch machine, delivering air at 100 
pounds, gage; the back head of the high pres- 
sure cylinder was broken so that it could not 
be repaired and it would take two weeks to 
get a new one, while the compressor could not 
be spared for a day. 

“There was an abundant supply of sheet 
steel scrap about the yard,” the writer con- 
tinues, “from which a blank flange was quick- 
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ly cut out, drilled for free passage of air into 
and out of the head end of the cylinder, and 
for inlet and outlet for jacket water, and bolt- 
ed on in place of the broken head. 

“The machine was started up and worked 
very well; in fact, the results surpassed the 
expectations of the mechanic who proposed 
the repair. The low-pressure cylinder was 
taking almost the same volume it would take 
under ordinary circumstances, and compress- 
ing it to a higher pressure before discharging 
it to the receiver, on account of the high- 
pressure cylinder taking air from the re- 
ceiver only on the back stroke. The relief 
valve on the receiver was set a little higher, 
and although the machine was out of balance, 
it was hardly perceptible in the running and 
the machine ran for the two weeks without a 
hitch. 

“The question is, at how much less than its 
full rating did the machine operate? It took 
a little less air into the low-pressure cylinder 
on account of the increased clearance space. 
The receiver, being filled with air at a higher 
pressure, which expands on the intake stroke, 
would require less new air to fill the piston 
displacement.” 

The free air capacity of a two-stage or 
multi-stage compressor is determined entire- 
ly in the low-pressure, or intake, cylinder, and 
the only thing outside of and beyond this cylin- 
der which can affect its intake and output 
volume is the pressure against which it must 
deliver. The clearance in the low-pressure 
cylinder of course was not changed, but the 
pressure of the air remaining in the clearance 
space was considerably higher when one end 
of the high pressure cylinder was thrown out 
of use. The piston therefore upon its return 
stroke had to travel a greater distance before 
the clearance pressure had fallen to the at- 
mospheric pressure, and before the intake of 
free air for the next compression stroke could 
begin; the total intake was therefore reduced 
so much and no more. In a high-class com- 
pressor the differance of output could, of 
course, be computed, but in practice it would 
be scarcely perceptible. 





It is stated that in putting down the drill 
hole at Rybnik (Paruschowitz), Upper Selesia, 
which reached a depth of nearly 7,000 feet, the 
cost of the carbons used was $25,000. 
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AUTOMATIC AIR OPERATED OILING 
SYSTEM 

The accompanying cut, from Power and the 
Engineer shows diagrammatically the essen- 
tial features of an air operated oiling system 
in successful operation in the power plant of 
Johnson & Johnson, New Brunswick, N. J. 
The system was designed by William Peter- 
son and was installed by the Vandyck, Church- 
hill Company, 91 Liberty street, New York. 

The oil supply tanks are located in the top 
of the engine room higher than any portion 
of the engines to be served. Each bearing of 
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the filter oil to the elevated storage tanks, 
each of which is fitted with a gage glass, the 
connection of which passes through the brick 
walls so that only the gage glasses show in the 
engine room. Each is also fitted with a high- 
and low-oil alarm, as shown at the end of 
each tank. It is operated by means of a float, 
which rises and falls according to the height 
of oil in its respective tank. By means of 
suitable connections, contact is made with the 
terminals of wires connecting with an an- 
nunciator located above the oil filters. If the 
oil in the cylinder or the engine oil tank is 
too high or too low, the proper signal is 
given, calling the engineer’s attention to the 
matter. The filters also are fitted with the 
high- and low-oil alarm and connection made 
with the annunciator. 

Oil for the engine is taken from the bot- 
tom of the tank through the pipe shown, 
which is fitted, where possible, with tee in- 





Waagine Room Floor. 




































































































































i 
{ 
2 
i =] 
= 
ae 
, BO. =: 
" 5 E |_— Steam to , 
e ss Conipressore 
ea 
aa 
Dirty Oil Es 
Returns ~ WY 
) | 
Emalsified ud ie | 
Filter No. 2 To Tanks Oil Tank si 
Filter No. 1X SS 
—aeeee oil INN || To Filters Steam to \s 
ylinder Oil Ss Nis \ Emulsified is Ste | 
b J - Oil Tank it Steom te iad | 
Bigh——}}}ororo a a) ro ae mus j 
Low 50 ol (] Separating lg | 
Aununciator 1 ih 
ial ; Exhaust 
eal 1 
HE 
Lf! oli 7 - Air Compresaer 
|} Ei | | 
3 
+ 














Automatic 7 -(*:)* 
Discharge Tank 


the engine is fitted with suitable “connection 
to the oil main, and the engine oil, besides he- 
ing piped to the bearing, crosshead, etc., is 
piped to oil sinks placed between the high- 
and the low-pressure cylinders of each of the 
three large engines. Another oil line fur- 
nishes cylinder oil to the lubricator, while a 
third pipe line conveys the dirty engine oil to 
a separating tank and emulsified-oil heater. 
The illustration shows an elevation of the 
filters and other devices necessary to deliver 












Automatic 2 
Discharge Tank >] 





stead of ell joints. One end of each tee is 
plugged, thus allowing quick cleaning out of 
any obstruction that might become lodged in 
them. 

After the oil has been used on the engine 
it is returned to the emulsified-oil tank, which 
is located just above the separating tank. 
Steam for heating the dirty oil is obtained 
from the steam pipe furnishing steam to the 
air compressor. After the oil and water have 
separated, the oil flows to either or both of 
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the “White Star” filters, from which it flows 
by gravity to the automatic discharge tank. 
As the oil rises in this tank it operates an air 
valve by means of a float, which lifts an inlet- 
air valve, letting in air at a pressure of 35 
pounds. This pressure closes the check valve 
in the pipe leading to the filters, and at the 
same time forces the oil to the overhead tank. 
When the oil has been driven from the dis- 
charge tank, the float drops and closes the 
air-inlet valve and opens the valve to the 
atmosphere, thus enabling the discharge tank 
to refill with oil. The air is compressed by a 
standard Westinghouse air brake pump which 
pumps air to the compressed air 
shown. 

The system is flexible, as the oil can be re- 
turned either from the oil filter of from any 
independent discharge tank to the emulsified- 
oil tank. This is done by two volute pumps, 
which are placed in a pit at a -considerable 
depth below the level of the filters, and at the 
extreme end of the plant. The oil from the 
two engines flows to the automatic discharge 
tank, which is connected to the air-pump 
line, and as the oil lifts the float, the air- 
inlet valve also is lifted, as in the first case 
mentioned, and the dirty oil is discharged to 
the emulsified-oil tank, from which it flows 
to the filter, 

By this arrangement a continuous automatic 
oiling system is obtained which will stay in 
operation so long as there is oil. No trouble 
is therefore experienced with leaky oil-pump 
piston rods, packing, etc. Oil does not drip 
down on the floor and the entire arrangement 
makes a most satisfactory system for the 
power plant. Air also is piped to the engine 
room for cleaning out the generators, etc. 
The cylinder oil is elevated by means of a 
small duplex oil pump, pumping direct from 
the barrel to the cylinder oil tank. 


receiver 





PNEUMATIC HAMMERS CLEANING 
MEDIEVAL CASTLES 

Mr. Frants Alling, Member Danish Associa- 
tion Civil and Mechanical Engineers, writes us 
thus interestingly from Coperhagen: 

“Under a two years’ subscription to your 
valuable magazine I have learned of many 
different applications of compressed air. Still 
it seems to be left to old Denmark to put on 
record another use of compressed air not 
hitherto heard of: the cleaning of old castles. 
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“The ancient royal Kristiansborg castle, 
founded in the twelfth century and repeatedly 
burned, is now being rebuilt as a combined 
royal castle and parliament building. The 
joints in the brick walls of the basement were 
required to be cut out and cleaned to a depth 
of one centimeter. The job comprised several 
thousand sq. mt., and the contractor first tried 
hand labor for the work; then I ran up against 
the problem and advised him to use pneumatic 
hammers. After a convincing trial the con- 
tractor installed a portable electric driven com- 
pressor and five hammers, which were entirely 
successful. Here is a hint for other castle 
cleaners.” 


Le 


Lemma 
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PNEUMATIC CUSHION CAP FOR PILE 
DRIVING 


The device here shown, the invention of F. 
L. Aymond and C. C. DeWitt, of St. Louis, 
is of important service in preventing the shat- 
tering of the pile heads in driving reinforced 
concrete piles. It has been tried in practice 
and found effective under exacting conditions. 
The cut seems to be entirely self-explanatory. 
The main casting which sets on top of the pile 
has a large cavity for the reception of oil, 
which is of sufficient quantity to stand above 
the top of this piece and is prevented from 
escaping by leather packing rings. An in- 
verted cylinder fits occurately over this, both 
these pieces having wings which loosely fit 
the guides of the pile driver. The cylinder 
has a cavity in which is inserted a renewable 
block of. hard wood upon which the hammer 
drops. 

The oil is poured in through the upper hole 
in the side of the cylinder and the plug is 
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screwed in tight. A hose is connected to the 
stop cock and sufficient air pressure is pro- 
duced in the cavity by an ordinary hand bi- 
cycle pump, and then the stop cock is closed 
and the hose disconnected. There is no oppor- 
tunity for the air to escape. When the ham- 
mer drops the air is compressed, the cylinder 
moving down % to % in. and immediately re- 
turning to normal position. The cap has been 
used with a steam hammer striking a 5 ton 
blow, 70 strokes per minute. 





GAS PRODUCER PLANTS AND GAS 
ENGINES 

Bulletin No. 416 recently issued by the 
United States Geological Survey and which 
may be had free of cost upon application to 
the Director, Washington, D. C., treats of 
producer-gas plants and gas engines in the 
United States. Prof. R. H. Fernald states 
that the internal combustion engine has al- 
ready become a serious rival of the steam en- 
gine in many of its applications, and he calls 
attention to the rapidity with which practice 
has developed. Only nine years ago a 600 
horsepower engine exhibited at the Paris Ex- 
position was regarded as a wonder, but to-day 
four-cycle, twin-tandem, double-acting engines 
of 2,000 to 3,500 horsepower can be found in 
nearly all well-equipped steel plants, and some 
plants in this country contain several units 
rated at 5,400 horsepower each. 

More than 500 producer-gas power plants, 
ranging in size from fifteen to 6,000 horse- 
power, are now in operation in the United 
States. About eighty-eight per cent. of these 
plants are running on anthracite coal, a few 
on anthracite or coke, and the remainder on 
bituminous coal and lignite. 

The tests made by the Survey, 168 in all, 
included 138 on bituminous coals, nine on sub- 
bituminous coals, ten on lignite, and eleven on 
miscellaneous fuel. The average consumption 
of fuel for a brake-horsepower hour was 1.36 
pounds of bituminous coal, or 1.99 pounds of 
lignitic coal, the minimum consumption being 
0.84 pound and 1.48, respectively. Comparative 
tests of seventy-five bituminous coals under a 
water-tube boiler and in the gas producer 
showed that the average fuel consumption per 
brake-horsepower in the steam plant was 2.7 
times that in the producer-plant. Several low- 
grade coals and lignites that were of little 
value, or even worthless, under the steam boil- 
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er gave excellent results in the producer. Other 
low-grade fuels—such as roof slabs, culm, and 
washery refuse, and even a bone coal that con- 
tained forty-four per cent. of ash—have been 
used to advantage in the producer under 
proper commercial conditions. 

Professor Fernald sought the views of the 
principal manufacturers in this line and sixty- 
nine different plants furnishing power for a 
great variety of purposes were personally visit- 
ed, resulting in the following conclusions: 

That the plants as a whole are giving re- 
markable satisfaction in view of the brief 
period of development. That the most serious 
difficulty seems to arise from the lack of com- 
petent operators to run the plants, though 
there are many more competent operators to- 
day than three years ago. That the situation 
regarding misrepresentations and misunder- 
standings resulting from incompetent salesmen 
has with the stronger companies greatly im- 
proved. That the situation regarding trouble 
due to manufacturers neglecting plants that 
have been installed and paid for has changed 
decidedly for the better. 





AIR HAMMER DRILLS 

The following, which we abstract from 
Mines and Methods, may be taken as an im- 
partial and intelligent statement of the present 
status of the hammer drill, especially as used 
in Western mines. 

It is not many years since the first attempt 
was made to adapt pneumatic riveting ma- 
chines to mine work, yet already air hammer 
drills have established themselves in a field of 
their own—overhand stoping in soft and med- 
ium rock—and are rapidly driving the large 
piston drills out of that class of mine work. 


AIR HAMMER DRILLS NOT NEW. 

The air hammer drill is only a reversion to 
the type of drill first tried, just as the steam 
turbine is a resurrection of Hero’s engine. The 
first idea with machine drill inventors was to 
imitate the single jack, so for several years 
almost all the inventors were trying a moving 
hammer that struck the head of the drill a di- 
rect blow. Then Burleigh invented the sys- 
tem of attaching the drill steel to the piston 
or moving hammer head, so as to make the 
steel, for the time being, a part of the ham- 
mer itself. This was a success and seemed at 
the time a complete solution of the problem, so 
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that the older type was abandoned and forgot- 
ten until it was revived by Leyner only a few 
years ago. 

Small hammer drills soon followed, and so 
promising was the field and so many entered 
it that before long two well defined types were 
in vogue, the valveless and the valve machine, 
and which is the better is not yet apparent. 
One company makes a drill of each type, and 
this company, which should be unprejudiced, 
says that the two types are equally efficient 
and equally reliable. 


VALVE AND VALVELESS TYPES. 


Neither type of drill is without some ob- 
jectionable features. Dust gets into the valve 
machine and clogs it occasionally. In the 
valveless machine, on the other hand, the pis- 
ton may wear and the drill consequently lose 
its efficiency. Case-hardening minimizes this 
effect, and the case-hardening is no longer a 
film hardening but of sufficient thickness to 
outlast all permissible wear. So with the valve 
machines; by passing the air through the tele- 
scope feed so as to have it serve as a dust 
catcher, or by other devices, the entrance of 
dust to the valve is to a great extent prevented. 


WHAT DETERMINES CHOICE OF TYPE. 


Each class of air-hammer drills has its ad- 
vocates, and in certain districts, apparently ac- 
cording to the type of first successful air- 
hammer drill that was used in the camp, we 
find either the valve or the valveless machine 
predominating. For instance; the Coeur 
d’Alenes is a “valve camp” and the Waugh 
drill is in the predominancy, although a good 
many other makes are used. At Butte the Im- 
perial drill, the Ingersoll-Rand Company’s 
valveless type, is the air-hammer drill most 
used, more than three hundred of these drills 
being at work in the camp; yet, here, also, 
other makes are used. At Bingham Canyon 
the Leyner No. 5 stoping drill is mostly used. 
This is a valve machine. In each of these dis- 
tricts several types of drills were tested be- 
fore the large companies made a decision. 

The whole gist of the matter seems to be 
that all the air-hammer drills are better for 
drilling up-holes in soft or medium hard 
ground than the large or small column-mount- 
ed piston drills, because less time is consumed 
in setting up, and because the repairs are less. 
It appears, though, despite the claims of the 
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respective machinery companies, that there are 
four or five air-hammer drills that are about 
equally good. Indeed, the Amalgamated Cop- 
per Company tried all the leading air-hammer 
drills in their mines for a considerable length 
of time before they made any decision. Sev- 
eral of the machines gave practically the same 
results—the Imperial, the Waugh, the Sullivan 
and the Murphy. So, as the company was 
using Ingersoll-Rand Company piston ma- 
chines—Ingersolls at the Anaconda, Washoe 
and Syndicate mines, and Rands at the Boston 
and Montana mines—the Amalgamated com- 
pany chose a drill made by that company. 

The Amalgamated officials favored a valve- 
less machine, owing to the one less moving 
part, and because they thought that the lighter, 
quicker blow struck by the valveless type of 
the Ingersoll-Rand Company was better adapt- 
ed to drilling in soft as well as in hard rock 
than the heavier, longer blow struck by the 
valve type. 

At Butte the use of air-hammer drills is al- 
most entirely confined to stoping and driving 
raises, still a Murphy sinker weighing approx- 
imately 70 lb. was tried in sinking the new 
Gagnon shaft. This drill gave excellent sat- 
isfaction down to a depth of about too ft. but 
beyond that depth the rock became too hard 
for efficient work with an air-hammer drill. 
The Murphy drill was not used entirely even 
to this depth, for some of the drilling was 
done with piston machines. 


TYPE OF STEEL AND SHAPE OF BIT. 


At Butte cruciform steel is favored, as it 
only requires flattening and hardening but not 
tempering at the chuck end, to render it ready 
for use. Hexagonal steel requires shanking and 
does not aid in conveying the drillings out of 
the hole. At Butte the heavy type of ribbed 
steel is used. A regular crossbit is used on 
starters and on finishers, At some of the mines 
this bit is crowned, the bit edges sloping away 
at an angle of twenty degrees to the horizontal. 
It is claimed that with this bit the hole is less 
liable to fitcher and that the drill rotates easier 
in the hole. It is favored at the Anaconda 
mines that are under the superintendence of 
Jack O’Neil. At some of the other Amalga- 
mated mines the regular flat cross-bits are 
preferred. 

The Imperial drill, size MC-22, is used. This, 
as has*been said, is a valveless type. It weighs 
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about 7o lb. These drills are used in the 
square-set stopes and also in those where the 
mining is done by the “back-filling”’ system. 
One man can drill in the Butte ore from 18 to 
40 ft. of holes in an eight-hour shift. The 
speed varies, of course, according to the 
ground. Some of the holes are drilled as 
deep as six and a half feet, but the average 
depth is between five and five and a half feet. 
The starters have a two and three-eighths inch 
bit, while the finishers have a one and a half 
inch bit. There are five drills to a set, the 
finisher being seven feet long and the regula- 
tion starter one and a half feet long, but both 
first and second starters are provided, the 
second starter being two and a half feet long. 
A one and a quarter inch heavy-section, cruci- 
form steel is used. 

Throughout the mines one man will drill 
more ground with a hammer drill than two 
men will with a piston drill. As a result the 
cost of stoping has been reduced 25 per cent. 
wherever the air-hammer drills have been used. 
The company has been using the drills about 
six months in large numbers and is ordering 
more. It soon will have more than 300 air- 
hammer drills in operation. The repairs seem 
to be small and the machines seldom get out 
of order. The Amalgamated company is much 
pleased with the Imperial drill, but does not 
think it better than some other of the makes. 
When other drills showed no better work than 
the Imperial it was simply business for the 
Amalgamated Company to buy from the com- 
pany with which it had been doing business 
for years. 

The Imperial type of air-hammer drill has 
many commendable features. The cylinder is 
made in two parts, bolted together by two 
side bolts, and these side bolts fasten the head- 
block and the cylinder together, instead of 
having the head-block screw on. The inner 
tube of the telescope feed and the head-block 
are in one piece, being forged together so that 
they cannot come apart. A thick case-hard- 
ening is obtained on the cylinder, the main 
wearing part. Lugs are cast on the stuffing 
box so that it can be tightened without the 
use of a wrench. The air is fed into the tele- 
scope feed and then into the inner tube, so 
that the feed is made to serve as a dust catch- 
er. Another small improvement is the use of 
a fish-tail pointer at the end of the telescope 
feed, so that the throttle valve is held in a per- 
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manent position until the hole is finished. 
The latch which fastens the head to the feed 
when moving the machine from place to place 
engages with a groove on the head-block, and 
so can be fastened with any position of the cyl- 
inder head. The air consumption with this 
drill is about 44 cu. ft. per minute, or about 
a third that of a three and one-eighth inch 
piston drill. 





EDUCATING THE PROFESSIONAL 
ENGINEER 

The following from the London Times may 
be taken as the advanced English estimate 
of educational requirements for the engineer- 
ing profession: 

It is too often assumed that because a boy 
shows an intelligent interest in mechanical 
toys and such articles he is likely to make a 
good engineer. Such mistakes were fre- 
quent in the past, but now that an engineer- 
ing education has become so much more 
arduous—and in many cases more costly— 
than it used to be, these errors of judgment 
are less common. It was once usual to allow 
a youth to choose the engineering profes- 
sison, with the freedom from heavy college 
or University expenses which then existed; 
further, owing to the early age of entering 
engineering works, additional bait was of- 
fered by lowering the expenditure upon 
school education. Happily, that is now a 
matter of the past, for an engineering student 
of to-day deprived of all training other than 
that picked up in a workship would soon 
find himself in difficulties when he had to 
compete with fully trained men. 

The more elaborate training now consid- 
ered necessary places the engineering pro- 
fession on the same general scale of expen- 
diture in time and money as the other pro- 
fessions; and there is not, therefore, any 
considerable financial inducement to put a 
boy into engineering without an assurance u1 
a real measure of his, ability for such work. 
It is important that a boy should not be al- 
lowed to imagine that by choosing the engi- 
neering profession he will avoid having to go 
through the usual schoolroom study of the 
“humanities” before specializing in engineer- 
ing. 

BETTER GENERAL EDUCATION REQUIRED. 


The demand and necessity for men with a 
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higher standard of general education is be- 
coming more and more apparent in the en- 
gineering profession. The lack of it in the 
past is still greatly felt, for the importance 
of this side of the question was overlooked 
in the eighties and nineties, when so many 
young men set out to be “electrical engi- 
neers.” An impression seemed to have been 
circulated that any dextrous handler of a 
slide rule, and of certain formulae, was fitted 
to call himself an electrical engineer, and to 
this day the electrical industry bears traces 
of this idea. 

There is the additional advantage in mak- 
ing a boy go through the usual curriculum 
in the non-engineering subjects that the pre- 
sentation of these studies will often open 
up new fields of work for which it may hap- 
pen that the boy will in the end prove to 
be better suited. The story of Huxley’s 
choice of a profession is an illustration of 
this. His early wish was to become an en- 
gineer, but, as events proved, his real abili- 
ties lay in the direction of zoology. It is 
indeed a commonplace experience of all pro- 
fessions that many who embark on them find 
out that they have mistaken their life’s work. 
To minimize these unfortunate accidents the 
best remedy is for the early education to 
be so widened that a better knowledge is 
obtained of the multitudinous fields of work 
that the world offers. 

The ideal training for an engineer is a good 
public school education, followed by a course 
in engineering science at a University, pass- 
ing thence for two or three years to engi- 
neering works of an approved character. 
This period ought to allow adequate time 
and experience to fit the young engineer to 
know how to handle men and how to make 
his personality felt wherever he may be. The 
training of character and the development 
of personality are of fundamental import- 
ance in engineering, as in the other profes- 
sions. The cost of public school and Uni- 
versity training is high, but few realize how 
increasingly easy it is for keen youths to pay 
their way by means of scholarships, particu- 
larly if they are mathematically inclined. The 
University training is the most costly, cer- 
tainly not less than $750 a year, but numbers 
of keen young men have obtained as much 
or more than this by means of scholarships, 
and so have paid their way through the Uni- 
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versity. There are now a great many univer- 
sities where fees are on a more moderate 
scale, and for those who cannot afford even 
these there are numberless polytechnics and 
technical schools scattered over the country, 
where scientific and technical education is 
given. It is difficult to give useful figures 
of cost, as the personal factor enters so 
largely. One may say that a University train- 
ing, together with three years in works, will 
cost not less than $5,000, whereas at a non- 
residential University, near to the student’s 
home, the scale of expenditure would be 
probably less all round, and perhaps $3,000 
is as fair an estimate as can be made. 

Some years ago a committee of the Insti- 
tution of Civil Engineers (London) appoint- 
ed to inquire into the “best methods of edu- 
cation and training for all classes of engi- 
neers,” published a report recommending that 
the age of leaving school should be not less 
than 17, that the period of college study 
should be three sessions, and that the works 
training, for all except civil engineers, should 
be about three years, exceptions being made 
to suit particular cases. Thus to take the case 
of the average engineering student, he will 
enter college at about 17, will remain there 
until he is 20, and then go into works until 
he is 23. It is not easy for the young engi- 
neer whose training is just completed to get 
suitable work immediately he is ready for it, 
nor on the other hand is it easy for the em- 
ployer needing a man at once to find one 
that will be all he wants; the feelings on 
both sides are much the same—a feeling 
that the good men or good berths must be 
somewhere, but that they are difficult to 
find. This only means that an “honest brok- 
er” is wanted, and if some responsible or- 
ganization of this kind were in existence, 
there is little doubt that the profession would 
greatly benefit. 





During August the record dredge on the 
Yuba handled 309,000 cubic yards. In the 
argonaut days it kept a placer miner busy to 
handle four cubic yards. One dredge of 1909 
is doing, therefore, the work of 2,500 miners 
of ’49; and, as sixty dredges are to-day 
giving California’s auriferous soil a shake- 
down, their combined work foots up fully the 
output of an army of 150,000 pick-and-shovel 
miners. 
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RESPECT THE ROCK DRILL 

If we were to ask one only casually ac- 
quainted with the rock drill to tell us what it 
is and what it does, we would perhaps learn 
from him that it is one of the simplest ma- 
chines, its sole function being to reciprocate 
a piston with considerable rapidity, the pis- 
ton carrying a steel bit which by constant 
forcible striking of the rock gradually crum- 
bles its way into it, forming a hole 
required depth. This would not be 


of any 


an un- 
truthful statement, but it would be an ab- 
surdly inadequate one. The simple fact is 


that there are few accepted inventions which 
so completely satisfy so many imperative and 
exacting conditions as does the rock drill. 
The drill in a way does rough work, rough 
surroundings are its habitat, and it is handled 
and operated by men who would also, per- 
haps unthinkingly, be characterized as rough. 
It must, therefore, in itself be rough and 
strong exteriorly, so that it cam stand the 
most strenuous use and unlimited abuse. It 
must be able to put in holes in the rock in any 
direction, vertically downward or vertically 
upward or at any angle between, and in any 
vertical plane all around the circle. It must 
be set in the required position quickly and 
precisely, and while drilling each individual 
hole it must be held accurately and securely, 
yet never rigidly, in position and direction, 
and provision must be made to constantly feed 
forward the drill as the steel advances into 
the rock and to withdraw it for changing bits 
or for starting another hole. This suggests 
the requirements for the drill mounting, 
which are entirely separate from those of the 
drill itself and are trivial in comparison. 
Perhaps the most important and responsible 
detail of the drill is its valve and valve mo- 
tion. There can be no positive valve motion 
as with a steam engine, for the double reason 
that the stroke of the piston in the drill cylin- 
der constantly varies and that if an otherwise 
satisfying mechanical movement and connec- 
tions could be devised the meehanism would 
be soon demoralized by the jar of the ma- 
chine; and yet the valve must and does admit 
the air or steam freely so that the piston 
moves with the required force; the piston 
must normally avoid striking the cylinder 
heads, and whatever the position of the drill 
or of the piston in the drill cylinder it must 
always and instantly obey the throttle. The 
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possibility of occasionally striking the cylinder 
heads seeming to be unavoidable they cannot 
be rigidly secured to the cylinder but must 
yield a little upon occasion for their own sal- 
vation. 


The drill bits of course wear in use, and in 
hard or gritty rock the wear may be rapid, 
so that it must always be possible to change a 
steel for another, the chuck must therefore 
hold the bit securely under the shock of the 
repeated blows, and yet it must be tightened 
or loosened without delay. This constant 
changing of bits, and the minute movements 
of the shank in the chuck under the repeated 
blows, of course entails wear, which must be 
provided for so that the rectilinear truth of the 
successive bits when inserted may be relied 
on. 


Constantly, while the steel is advancing into 
the rock it must be kept in rotation, the turn- 
ing of piston and steel not having any regularity 
of angular riovement, but still insuring that the 
cutting edges of the bit shall each time strike in 
a different place. The automatic rotation 
provided, while it insists upon the turning of 
the piston and bit more or less at each stroke, 
still does it in a yielding way, so that ac- 
cidents or breakages do not occur if at any 
time the bit refuses to be immediately turned 
as much as the rotation device would nor- 
mally require. 


It was conceded at the beginning that the 
rock drill is in a way a rough machine, and 
yet in the details of it there is scarcely any 
machine so carefully made and so precisely 
sized in all responsible dimensions. The drill, 
for instance, is, as we know, normally driven 
by compressed air, and the readiness of com- 
pressed air to leak away wherever it finds the 
chance is more than sufficiently notorious, and 
yet the cylinder heads, the valve chests and 
other parts requiring air tight joints are so 
perfectly surfaced and fitted that they go to- 
gether, and are always used, metal to metal, 
absolutely without packing. 


The rock drill lives the strenuous life. It 
is necessarily subject to severe wear, much 
abuse and neglect and frequent accident, so 
that its parts are liable to require renewal or 
replacement at any time. Every part of every 
standard drill is made so accurately to gages 
that stocks of such parts are maintained 
wherever the drills may be employed in any 
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part of the world, and these parts interchange 
with and replace each other as though there 


‘were but one machine of its type and size 


in existence. 

The production of the rock drill as it is to- 
day imperatively requires the co-ordination of 
many exacting conditions. After the drill 
has come to be practically adapted to its line 
of work by the succession of innumerable in- 
ventions, the trying out of the successful de- 
tails, the determining of the absolute and the 
relative sizes of the several parts for their 
mutual co-operation, the selection of the most 
suitable and enduring material for each part 
and its proper treatment to secure strength 
and non-wearing qualities, the system and 
means of manufacture are to be secured. This 
means carefully collected and long experienced 
workmen, installations of automatic and often 
special machinery, costly collections of gages, 
jigs, templates, drills, taps, reamers and orig- 
inal tools for individual operations, and then 
the breaking in, the testing and the rigid in- 
spection of the product before it is sent out. 





QUANTITATIVE VS. QUALITATIVE 
INVENTION AND ENGINEERING 


At the dinner of the Alumni of the Schools 
of Science and the School of Architecture of 
Columbia University, at Hotel Astor, New 
York, February 2, 1910, what we must con- 
sider the most notable event was the highly 
suggestive address of Dr. R. W. Raymond, 
from which we take the following: 

While I do not propose to define the en- 
gineer, I beg to suggest one element which 
characterizes, I think, all true engineers. And 
I will use as a name for it a term borrowed 
from the laboratory. The engineer’s thought 
and work are quantitative, not merely quali- 
tative. Engineering lies at the base of the edi- 
fice of civilization; but the progress of civili- 
zation is often erroneously measured by mere 
inventions. Now inventions may sometimes 
be made and must always be perfected and 
utilized by engineers. But inventors who are 
nothing more fare badly, as they ought to. 

How often we hear the accusation that the 
world has ill repaid the first propounder of 
an idea which in the hands of another has 
proved greatly profitable. But, in truth, it is 
not the happy thought about a thing, but the 
practical doing of the thing, that deserves re- 
ward. No doubt the first man, looking at the 
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first bird, wanted to fly, and tried to fly, but 
the trouble was, he couldn’t fly. Should we 
now hunt up his heirs, and pay them for the 
invention of their ancestor? His work was 
merely qualitative. 

QUALITATIVE INEFFICIENY. 

Once upon a time, a pale, inspired inventor 
climbed up to my office, and asked me to help 
him to go to Colorado. He had invented the 
idea of using electricity in mining and metal- 
lurgy; and he wanted to go to the Rocky 
mountains, because at their summit electricity 
was so abundant. His notion was a qualita- 
tive one. Yet, no doubt, if he is still alive, he 
cherishes the notion that he has been robbed 
of the glory justly due to him for his bright 
idea. 

These qualitative enthusiasts grow more 
and more numerous every year, with the in- 
crease in half-educated practitioners of “ap- 
plied science.” And the old errors continu- 
ously crop out anew. After every big snow- 
storm, we have a number of qualitative pro- 
posals to remove the snow from our streets 
by thawing it with steam jets, and letting it 
run away of itself. What is still more remark- 
able, the editors of our leading newspapers 
gravely publish such communications, under 
the impression that there may be something in 
the notion, and that they had better not dis- 
parage it lest haply they be found fighting 
against science. 

After the great blizzard a storekeeper in 
Brooklyn undertook to apply quantitatively 
this qualitative proposition. Having a 16-ft. 
heap of snow opposite his store, and a cellar 
ful of old boxes under it, he dug in the drift 
a chamber with a chimney, crammed his stove 
with the kindling wood from the cellar, lit the 
fire, and waited for the mountain to disap- 
pear in fervent heat. He, being a qualitative 
thinker, did not know the difference between 
temperature and heat units, or dream of the 
amount of work he was expecting his little 
fire to do. When he had burned all his wood, 
he abandoned his faith in science. 

I could multiply such illustrations indefin- 
itely. But I may be permitted, in conclusion, 
to say generally and inoffensively, that quali- 
tative thinking is one of the dangers of our 
day. Great popular manias, fads of special re- 
form, exposures of public evils or hardships, 
appeals for governmental interference, all are, 
or are likely to be, merely qualitative. I 
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think it was Thomas Jefferson who said, in 
substance, “A free people never loses its lib- 
erties by surrender to force. It gives them 
away in moments of enthusiasm.” 

It is the duty of engineers, who have been 
trained to regard and handle things quanti- 
tatively, to contribute this needed element to 
the thought and action of their time. 

Let them make no haste to conclusions; 
let them count the cost, measure the means, 
weigh the sacrifices, appraise the gains and 
the losses—in a word, hold fast to the distinc- 
tion between heat units and mere degrees of 
temperature. 





PNEUMATIC MAIL DISPATCH TUBES 
IN NEW YORK 

Before the end of the present year the city 
of New York will have an underground 
pneumatic mail transmission service more than 
twenty-five miles in length and superior to 
any other in this country, or perhaps in the 
world. This will by no means complete the 
system, as further long extensions will soon 
be required to keep pace with the rapid and 
continuous growth of the city. 


At present a line of tubes extends north 
from the General Post Office on Broadway to 
124th street on the west side, about 8 miles, 
a line of about the same length returning down 
the east side, with two cross lines connecting 
these and several special branches to stations 
off the main lines. There is a line across the 
Brooklyn bridge and extending up into the 
heart of that Borough. Besides the line over 
the bridge another will soon be demanded to 
connect the Borough of the Bronx with the 
system. This will require a tube under the 
Harlem River, as the bridges have draws 
which are frequently opened. 


The system is by no means as simple in its 
layout as here sketched. All lines are, of 
course, in duplicate to provide for transmis- 
sion in both directions. The long lines of 
tubes spoken of are not traversed continuously 
from end to end, but, extending through a 
chain of sub-stations, the carriers are driven 
along from one station to another until the 
destination of each is reached, wherever it 
may be. The stops at the stations are very 
short, and the speed between them is 30 miles 
an hour. In going, say, from the General 
Post Office to 124th street, or vice versa, al: 
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though a carrier must be handled and restart- 
ed at each station, the total delay is only 
8 minutes. The air pressure used is only two 
or three pounds with five pounds the maxi- 
mum, and electric driven compressors or blow- 
ers at the stations provide relays which main- 
tain the pressure as required, although not all 
the stations are pumping stations. 

The uniform bore of the tubes is 8 inches 
and the carriers are two feet long. These 
are made of galvanized sheet steel, and while 
as light as possible each is capable of carrying 
six hundred letters at a time. While they 
are quickly opened or closed they are per- 
fectly water tight. The bands near each end 
are made of a combination of rubber and 
canvas, and only these come in contact with 
the tube surface. These enlargements on the 
body of the carrier make it possible for it 
to round curves of eight foot radius in the 
tubes without binding. . Each carrier has a 
ticket specifying its destination inside the 
head, but it is also legibly marked by a 
chalked letter outside, so that it is not opened 
until its journey is completed. 

An able writer recently contributed to the 
N. Y. Herald a detailed description of the 
inside and practical working of the system as 
follows: 

When a car is sent from the General Post 
Office up the west side it will go first to Sta- 
tion V, at Oak street. If the destination dial 
reads for a station in the northern section of 
the island the operator at Oak street will im- 
mediately upon the car’s arrival slide it to an 
entrance gate and send it along to Station O, 
in West Seventeenth street. At this station 
will be found a pumping station and the car 
will then be tranferred to another section of 
tubing, which extends to the Long Acre 
square station, in West Thirty-ninth street. 
After being rehandled twice more the car will 
reach the next terminal, at West Eighty-fourth 
street. The last pumping station on the west 
side is at West 124th street, and if a car is in- 
tended for the Manhattanville district here it 
will stop. If it is for the Bronx it will be 
sent across town to the 125th street station, 
at Lexington avenue, where it will be met by 
wagon or automobile. 

Special precautions have to be taken to 
prevent a too rapid despatching of the carriers. 
for that purpose a trigger has been placed in 
the transmitter and after a car has passed 
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into a chamber free from air, from which it 
passes into the main tubing, this small trigger 
snaps back. Finally when the car has been 
blown into the main line this trigger falls into 
its natural position, indicating that the line is 
clear. 

TWO STYLES OF RECEIVERS. 

Two forms of receiving apparatus are used. 
The necessity for two forms is due to the 
fact that some of the post offices are equipped 
with pumping machines and some are not. 
The ones which are not supplied with com- 
pressors constitute way stations, while the 
power stations are terminals. The difference 
is that at the terminal stations the pressure 
in the receiving tubes is reduced practically 
to atmosphere and the opening of the gate 
to allow of the discharge of a carrier does not 
cause any air under pressure to be blown into 
the room, while at a way station the air is at 
least two pounds above the atmosphere. How- 
ever, entrance gates have been invented and 
when a car reaches a way station it has to 
pass into a chamber controlled by a sliding 
gate, from which it is blown out into the 
room by a small amount of pressure, which 
is created in the chamber. 

It is most interesting to watch the entrance 
of a carrier. It’s approach is announced by 
a slight rumbling sound, the first gate closes, 
the second opens and the carrier is shot out 
into the receiving trough. The second gate 
closes, the first again opens and the car rolls 
to the front of the trough, where an operator 
picks it up, notes its destination and if not 
intended for his station he despatches it on 
to the next place. 

Occasionally a carrier becomes stuck in the 
tube, caused by some dirt or other foreign 
substance having fallen into it. If a cave-in 
occurs on the line of the tubing it is liable 
to be severed from the remainder of the tube. 
When such a break occurs it is quickly de- 
tected and if an increase of compressed air 
cannot dislodge the car it will be necessary 
to tear up the street and extricate the car 
from the tubing. 

FEW BREAKS. 

Seldom does a serious break occur in the 
tubing, but when it does it is desirable to 
know just where the carrier is stuck. This 
is ascertained by “bleeder valves” in the pipe 
located at short intervals, to which a street 
manhole leads. By noting the pressure the 
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location of the car can be roughly determined 
between any two of the “bleeder valves.” 
There are also other ways of calculating the 
location of lost cars. 

At the present time the system is so arranged 
that a block in the line cannot occur below 
Thirty-ninth street, and when the loop is 
completed it will be impossible to halt the 
work in any part of the city other than in the 
particular section where a car is stuck. Now 
when a car is stuck below Thirty-ninth street 
on the west side all southbound mail can be 
sent across the town to the east side and 
thence down to the General Post Office. 

It will be just as simple to overcome a block 
when the entire line is completed as it is now 
to prevent one below Thirty-ninth street. If 
a car should be stuck at West Sixty-ninth 
street the mail for the stations above there 
-could be sent up the east side to 125th street, 
across town to Eighth avenue and thence back 
down on the west side. 

There are 1,400 carriers in daily use in the 
New York system, each one making a number 
of trips every day. They will last about 
eight months and will travel from 12,000 to 
15,000 miles before requiring new bearings. 
Twenty post offices in Manhattan and two in 
Brooklyn are now served by the system. 





ALGAE AND THE AIR LIFT 


In a paper read recently before the Indiana 
Sanitary and Water Supply Association, Mr. 
J. B. Martin, the author, gave it as his opin- 
ion that compressed air had caused or pro- 
moted alge growths in the water supply of 
Frankfort, Ind. The supply for this city is 
drawn from a 30 ft. stratum of water, bearing 
sand and gravel, lying between strata of im- 
pervious blue clay. In 1892 an air lift was 
used to aid the flow, since the ground water 
level had been gradually receding for some time 
At no time prior to the use of the compress- 
ed air, the writer stated, was the taste or odor 
of the water objectionable, but after its use 
growths of alge were such a constant source 
of trouble that the air lift method was finally 
abandoned in 1907, after being used fifteen 
years. While the air was used the water was 
discharged into two covered brick storage 
reservoirs, waterproofed on the inside and 
cleaned regularly, so that the presence of the 
algce could not be attributed to exposure of 
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the water to sunlight. After the air lift 
method had been superseded by impeller 
pumps in the wells alge caused no further 
trouble. 

It does not appear that any provision was 
made for fitering the air entering the com- 
pressor, which should have been the first thing 
thought of in an installation for such service. 





SAND BLAST PRACTICE IN ENGLAND 


While the sand blast was used earlier and 
has been more extensively employed in the 
United States than on the other side of the 
Atlantic, it has found full appreciation in many 
localities over there, and practice has develop- 
ed along original lines sometimes more ad- 
vantageous than our own. For the cleaning 
of foundry castings we have generally used 
sand blast tumbling barrels of the intermit- 
tent type, and for larger castings the hose 
and nozzle in the hands of a workman. 

A slowly rotating sand blast table, one-half 
of which is exposed for the placing and turn- 
ing or removing of the castings operated upon, 
while the other half is hooded over, with a 
heavy leather apron in front across the centre 
of the table, is an arrangement which has many 
advantages. In the enclosure formed by the 
hood and apron there are fixed sand blast 
nozzles set at @ifferent angles so that they at- 
tack the castings on all sides and thoroughly 
clean them. As the turning of the table brings 
the castings out they can be removed by the 
men in charge and others substituted, or, if 
not sufficiently cleaned, they may be turned 
over and allowed to go around under the blast 
again. In connection with the table and blast 
nozzles exhaust pipes are so placed as to carry 
away most of the dust and give the men com- 
paratively clear air to work in. 





NOTES 

The consumption of iron and steel in the 
Transvaal mines is estimated at 50,000 tons a 
year, valued at 4,500,000. Of this, $3,000,000 
consists of rails, sleepers, pipes and fittings, 
rock drills, etc. The Central South African 
Railway buys about 32,000 tons of rails and 
sleepers annually. 





What thermometer would be good for such 
weather as this? “Montreal, Que., Feb. 7,— 
Cold was so intense this morning that a Grand 
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Trunk locomotive, which had just backed into 
the Bonaventure station to pull out a train, 
froze to the track and delayed the train’s de- 
parture for over an hour.”—N. Y. Commercial. 





A definite proposal is made for the con- 
struction of a tunnel between Denmark and 
Sweden, starting at Copenhagen and connect- 
ing with Malone. On the way two islands 
will be crossed where the electric car tracks 
will be carried to the surface. When the work 
is completed the trip can be made in an hour 
and a half. ° 





The following question occurred in a cer- 
tain examination paper: “What steps would 
you take in determining the height of a build- 
ing, using an aneroid barometer?” One answer 
received was: “I would lower the barometer 
by a string and measure the length of the 
string.” It is not every one who would be 
able to think of a barometer as a plumb-bob. 





Contracts for the two 28,o00-ton Dread- 
noughts for the Argentine have been awarded 
to the Fore River Shipbuilding Company, 
Quincy, Mass., with the stipulation that they 
sublet one to another builder. These vessels 
will be equipped with machiffery developing 
about 40,000 horse-power. They will cost about 
$11,000,000 apiece. Twenty-five shipbuilders of 
England, France, Germany and Italy competed 
for these contracts. 





A peculiar accident happened recently to 
miners who were trimming the sides and roof 
of the Gunnison tunnel. They had placed 
several shots and had retreated to a safe dis- 
tance. The force of the explosion reversed the 
air current, and eleven of the men engaged in 
the work were either smoothered at once, or 
so badly overcome by the gases that they died 
in a few days. 





It is calculated that the United States now 
produces per week for each of its 90,000,000 
inhabitants: of wire 34 pound, more than 34 
pound of rails, % pound of structural shapes, 
34 pound of plates, 4% pound of sheets, 34 
square foot of tinplate, 2%4 pounds of bars, 
hoops, etc., 4 pounds of iron castings. These 
and other finished iron and steel products 
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make a total of 12 or 13 pounds each week 
per head. 





Norway abounds in waterfalls, the water 
supply being quite constant throughout the 
year, partly owing to the altitude of the water 
sources, the condition of the climate, and the 
exceptionally high rainfall. The total water 
power of Norway amounts to about 7,500,000 
h. p., giving 3,405 h. p. per 1,000 inhabitants of 
the country. 





The pollution of air in mines is sometimes 
due partly to the emanation of gases from the 
surrounding rocks, but principally from the 
following artificial causes: (1) Respiration 
of persons and animals, (2) combustion of 
the candles and lamps, (3) absorption of the 
oxygen by pyrites and other minerals, (4) 
putrefaction of timber, (5) explosion of pow- 
der, (6) dust from boring, etc. Of these the 
decay of timber underground is the one hav- 
ing perhaps the most deleterious effect. 





In some metallurgical operations steam is 
admitted to large vats or tanks for the pur- 
pose of agitating, and, in some cases, heating 
their contents. In special cases, the consump- 
tion of steam for this purpose is enormous, the 
reduction of which is often possible with bet- 
ter results by mixing air with steam. This 
may be accomplished by using an ordinary 
injector. To insure the proper working of 
the device, the steam is first turned on, then 
the valve of the injector gradually opened 
until the desired amount of air is obtained. 





Mr. L. M. Hastings, city engineer of Cam- 
bridge, Mass., in his last annual report gives 
diagrams of the recorded rainfall at New Bed- 
ford 1813. These observations were 
started by the father of the present observer, 
and have been conducted uninterruptedly ever 
since. They show in a rather striking man- 
ner that while there is a general undulation in 
the curve of the averages of both temperature 
and precipitation, there has been no appreciable 
change in the average character of the climate 
of the place, as indicated by these two factors, 
during the 95 years covered by the diagram. 


since 





Three men—the chief engineer, a keeper and 
a helper—were killed by an explosion of gas 
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at Chocolay Furnace of the Lake Superior 
Iron & Chemical Company, at Chocolay, Mich. 
The furnace had just been blown in and the 
men had been at the top adjusting a valve. In 
returning they went by way of the machine 
shop and engine house instead of going down 
the outside stairway. As they entered the 
tank room on an upper floor with a lighted 
torch the explosion occurred, the room be- 
ing filled with gas from the turning on of the 
blast. 





A high-pressure submarine gas main, 4,000 
ft. long, was laid under the bay from San 
Diego to Coronado, Cal., by lowering the pipe 
from a lighter down an inclined chute. The 
pipe was 4 in. extra heavy cast iron ball-and- 
socket pipe, and was received in 12 ft. lengths, 
with a standard joint at one end and either a 
ball or a socket on the other, so that a flexible 
joint occurred every 24 ft. The lighter was 
go ft. long and 24 ft. wide, and on it a chute, 
at an angle of 50 deg. to the horizontal, was 
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lighter moved forward. The line was caulked 
by divers, and when tested to 75 lb. dropped 
only 10 lb. in twelve hours. 





The microphone is being used with some 
success in France in searching for subteranean 
water. One end of a pipe, open at both ends, 
is thrust a little way into the ground, and the 
microphone is then used to magnify any sound 
that may come up the tube. Running water 
is said to cause a sound like that of the wind 
in a forest, and dropping water one resem- 
bling a bell. In a branch valley of the Marne, 
where there is a scarcity of water, the micro- 
phone has led to the discovery of two valuable 
springs 50 ft below the surface. 





Calumet & Hecla has paid $109,750,000 in 
dividends on an issued capital of $2,500,000, 
and in 1909 earned $37.26 per share on a cop- 
per production of 69,000,000 lb. From Janu- 
ary I, 1905, to January I, 1910, the average an- 
nual dividend was $47.20 on shares having a 
par value of $25 each. 
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built of two 8o ft. piles, spaced 4 in. apart and 
bolted together. A similar chute of two 100 
ft. piles was hinged at one end to the scow and 
rested at the other end upon iron trucks, so 
that it could be dragged along the bottom of 
the bay. The pipe was connected up in 72 ft. 
lengths on the lighter and allowed to descend 
to the bottom along the inclined chute as the 


LATEST U.S. PATENTS 


Full specifications and drawings of any patent may 
be obtained by sending five cents (not stamps) to the 
Commissi mer of Patents, Washington, D. C. 


FEBRUARY 1. 


947,802. AIRSHIP. ArTHUR CRANE, Berkeley, 


Cal. 
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947,827. VALVE MECHANISM FOR WATER- 
ELEVATORS. JOHN L. Latta, Hickory, 


Ma. 

947,861. Saint! bone gal Poe Witiam= HH. 
Soury, Philadelphia, 

947,872. ee iso. CARRIER. WIL- 
LIAM UpHaAmM, Toledo, Ohio. 

re 882. AL ECTHIC AIR- COMPRESSOR. ASA 

BATCHELDER, Schenectady, N. 
947, 988. ROTARY MERCURY VACUUM. 
PUMP. Henry A, FLEuSS, Reading, England. 

948,089. ACETYLENE-GAS GENERATOR. 

ALEXANDER DER and MICHAEL FISCHER, West 


948 12, WALYING- MACHINE, AIRSHIP, AND 
—s — VINCENT WISNIEWSKI, Berlin 
erm 


948,2 70. "SAND- BLAST MACHINE. CHARLES A. 
DREISBACH, New Haven, Conn. 






948,372 PROCESS FOR PRODUCING OXIDS 
OF NITROGEN FROM THE AIR. FRANCIS 
I. pu Pont, Wilmington, Del. 

948,404. AIR-OPERATED ELECTRICALLY- 
CONTROLLED VALVE MECHANISM FOR 
AIR-BRAKE AND TRAIN-STOPPING SYS- 
TEMS. JEAN F. WEBB, JR., New York, N. Y. 

948,469. PNEUMATIC. SAFETY-VALVE 
FRANK MOYLE. Jamestown, Cal. 

948,526. TIRE AIR-PRESSURE GAGE. WAL- 
TER E, SANDHAM, Pasadena, Cal. 

948,677. MATRIX-FORMING MACHINE. 
GLENN S. WILLIAMSON, New York, N. Y. 

948,711. DENTAL CASTING APPLIANCE. 
EuzA R, STEALY, Dunlap, Iowa. 


1. An apparatus for use in casting metal 
dentures including a chamber, a tube entering 
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948,278. PUMPING APPARATUS. FRANK S. 

HEBDEN, Peoria, IIl. 

2. In a pumping apparatus, an air reservoir 
including a tank and cover, means for pumping 
air to said tank, a bracket on the tank, a rod 
pivoted to the bracket, a link pivoted to the rod 
and cover, and means operated from said rod 
for controlling the operation of said pumping 
means. 


FEBRUARY 8. 


ey “—",paleniedeainan JOHN Harris, Cleve- 

and, 

948,361. TRAIN- STOPPING AND SIGNAL- 
ACTUATING MECHANISM. JEAN F. WEsB, 
JR., New York, N. Y. 


the same, means for exhausting air or compress- 
ing air into said chamber, a pressure gage con- 
nected to the chamber, a pipe extending from said 
chamber having therein a regulating valve, the 
exterior and interior faces of the end of said 
pipe being ground to form a joint, and an invest- 
ment cup having a connection to said chamber 
through said joint. 
948,714. PNEUMATIC-DESPATCH -TUBE 
in FRANKLIN H, WOLEVER, Chicago, 


948,831. AERTING LIQUORS. AGosTING Tosco, 
San Francisco, Cal. 

948,853. PNEUMATIC PADLOCK. Frank J, 
GILRoy, Buffalo, N. Y. 
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FEBRUARY 15. 


948,989. SUBAQUEOUS ROCK-BREAKER. 

BARTON H, CoFFEY, Eizabeth, N. J. 

1. In a subaqueous rock-breaker, a lifting 
means consisting of continuous rigid and flexi- 
ble elements connecting the rock-breaking appar- 
atus and a primary hoisting means, such as a 
winding engine; in combination with a second- 


ary hoisting means, such as a piston and cylin- 
hammer or 
for the 


der, adapted to reciprocate the 
chisel through the said lifting means; 
purposes set forth. 
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949,180. FLUID- PRESSURE - REGULATING 
DEVICE. GEorGE S. GOsLEE, Waukegan, IIl. 

SS CHARLES R. BALLARD, Mid- 
way, Pa. 

949,250. VALVE FOR PNEUMATIC MUSICAL 
i ol - rae GEORGE S. WILLIAMS, Nor- 
olk, Va. 

949,370. PNEUMATIC CLEANER. AZEL C, 
BUELL, New York, N. Y. 

a PUMP. JESSE B. GARBER, Salem, 

110. 


1. In an apparatus of the character described 
the combination with means for including a flow 
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949,069. STREET-SWEEPER. 
woop, Owensville, Ind. 

3. In a street sweeper, a framework, a pneu- 
matic suction fan carried thereby, a rotary 
brush, pivotally mounted arms for supporting 
the brush, said pneumatic suction fan having a 
pneumatic suction pipe with its end disposed 
beneath and slightly in the rear of the said 
brush, connections between the suction pipe and 
the pivotally mounted arms in order to allow 
the pipe to have a yielding action, means for 
yieldingly holding the pivotally mounted frame 
downward, and means for operating the pneu- 
matic suction fan. 

949,080. PNEUMATIC TOOL. 

KELLER, Philadelphia, Pa. 
949,095. PNEUMATIC SCISSORS. 

STEPHANY, Philadelphia, Pa, 


OscaR GRIM- 


WILLIAM H. 


LUDWIG 


of water there-through, of a mixing chamber, an 
air inlet to said chamber, a reciprocating air 
pumping plunger, a tube depending from said 
plunger, and a port in said tube adapted to de- 
liver water into the mixing chamber following 
each charge of air thereto, substantially as de- 
scribed. 


949,598. DIFFERENTIAL-PRESSURE GAGE. 


BERTRAND J. P. ROBERTS, South Kensington, 
London, Eng. 


1. A differential pressure gage comprising a 
fluid-containing U-shaped capillary tube and a 
pair of chambers of greater diameter than the 
U tube and connected to the ends thereof, the 
tube having an index therein which renders the 
gage insensitive to differences of level or varia- 
tions of pistons. 
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949,625. PNEUMATIC SIEVE. Epwarp DITH- 

RIDGE, Morrisville, Pa, 

A pneumatic sieve composed of a _ suitable 
sieve body, a supporting handle adapted to re- 
ceive and transmit a jarring motion to said sieve 
body, and a cup attached to said handle of 
sufficient size to allow the end of a pneumatic 
hammer to enter and withdraw freely, and 
adapted to receive vibrations therefrom and to 
transmit the same to said handle. 

949,681. DEEP-WELL PUMP. FERDINAND W. 

KrocH, San Francisco, Cal. 

1. In a deep well. pump, the combination of 
a piston, a hollow piston rod, an air chamber 
forming a part of said rod, and means for 
forcing air through said rod into said chamber. 






































or the like, the combination, with an air-tank 
or reservoir, of a cleaning compound reservoir 
or container provided with a measuring-device 
connected therewith, means adapted to connect 
said measuring-device, with a water supply and 
said air-tank or reservoir, and means adapted 
to connect said measuring-device to the pipe 
system, or the like, to be cleansed, substantially 
as and for the purpose set forth. 

we — CLEANER, JAcosB C. LUDEN, 

eading, Pa. 

950,115. SROGESS OF REMOVING TIN FROM 
SCRAP. CuHartes J. REED, Philadelphia, Pa. 
1. The process of separating metals which 

consists in heating and agitating the mixture 

with a subdivided foreign body and removing one 
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PNEUMATIC PATENTS FEBRUARY 22. 


949,714. ROTARY a3 COMPRESSOR, FRANK 

PECK, Rochester, N. Y 
13,082. SHEET-FEEDING DEVICE FOR 

PRINTING MACHINES. GusTAvV KLEIM, 

Leipzig, Germany, (reissue). 

1. In a pneumatic sheet feeding device, the 
combination or a plurality of sucking boxes, 
means for effecting a relative lowering and rais- 
ing action between the same and a pile of sheets, 
and means for turning the sucking boxes ar- 
ranged so that they will turn to bend the edge 
of the engaged sheet at an angle after they en- 
gage said sheet and so that they will run to nor- 
mal position simultaneously with the raising of 
the engaged sheet. 


FEBRUARY 22. 


949.810. AIRSHIP. Jess—E A. TURNIDGE, Webb 
City, oO. 

949,872. AIR-CYLINDER. WALTER L. ABATE, 
Mount Vernon, b a 


N. 
949,891. PIPE-CLEANING APPARATUS. WI1zL- 
LIAM A. HALL, New York, N. Y. 
1. Ina cleaning apparatus, for pipe systems, 


of the metals as a powder by means of a cur- 

rent of air. 

950,120. PNEUMATIC STACKER. FREDERICK 
i. SaTTLEy, Indianapolis, Ind. 

950,165. MEANS FOR RELEASING AIR- 
BRAKES AND ECONOMIZING AIR. WIL- 
LIAM S. DE Camp, Chillicothe, Ohio. 

950,193. DRILLING MECHANISM. 
L. SmitH, Columbus, Ohio. 

950,347. OZONE-GENERATOR, 
Rice, Cleveland, Ohio 

950,375. TRIPLE VALVE FOR AIR-BRAKE 
MECHANISM. Frank Y. DIBBLE, Ely, Nev. 

950,385. MEANS FOR AUTOMATICALLY DE- 
LIVERING THE MILK FROM THE 
VACUUM-PIPES OF MILKING-MACHINES. 
CyrIL E. GANE, Normanby, New Zealand. 

950,388. ATR-LOCK FOR EXCAVATING AP- 
PARATUS. JOHN H. Gray, East Orange, 


N. J. 
950,427. AERIAL MACHINE 
Veterans’ Home, Cal. 
950,436. PROCESS FOR THE SEPARATION 
OF OXYGEN AND NITROGEN FROM LI- 
QUID. AIR. GEORGE CLAUDE, Paris, France. 


WILLIAM 


ROBERT W. 


JAMES BEARD, 
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PORTER COMPRESSED AIR 


MINE AND INDUSTRIAL HAULAGE 





More Up-o-Date, Safer, Handier and More Re- 
liable and Economical Than Electricity 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent, of the air locomotives in America and the majority of those in the world. We can refer to 
a large number of plants with one to fifteen locomotives, track guages 18 to 56} inches. Our 
designs are automatic, easily controlled and free from complications. 

Tenth edition catalogue, just printed, mailed free to mine, railway or industrial officials; 
or to others on receipt of 50 cents. 


Address H, K, PORTER COMPANY, 1207 Union Bank Bldg., Pittsburg, Pa. 











LOCOMOTIVES 


OF EVERY DESCRIPTION 





Compressed Air Locomotives 


for Mine and Industrial Service 


BALDWIN LOCOMOTIVE WORKS 


PHILADELPHIA, Fa.,. U.S: A, 


Cable Address—“BALDWIN PHILADELPHIA” 
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Machinery Manufacturers cannot cover the Coal Mining Industry 
thoroughly without using the advertising columns of 


New York: : 1 a eam, CHICAGO : 
42 Broadway. 1h. Typ aah O PPE Biola Colony Building. 


PITTSBURG sat = ’ CINCINNATI : 


Commonwealth Bldg. == E > act 2! ay 4 117 East Seventh Street. 


For more than 20 years the Coal Trade’s Leading Journal. 








McNab & Harlin Manufacturing Co. 


Your attention is called to the fact, that we have for 
many years been specialists in the manufacture of EX- 
TRA HEAVY, HIGH PRESSURE and HYDRAULIC 
VALVES AND FITTINGS, and are especially equipped 
to turn out the goods in the most satisfactory manner, 
very promptly 

You will find these fittings illustrated in our 1909, roth 
edition catalog, copy of which we will be pleased to send 
upon request 

All of our valves are thoroughly tested and inspected 
before leaving our factory. 

We solicit your orders and inquiries. 

















Sere osx?) 50-56 John St., N. Y. Factory j Paterson, N. J. 
CLASSIFIED BUYERS’ GUIDE McKiernan Drill Co. 
Air Cylinder Oil. Westinghouse Traction Brake Co. 
Atlantic Refining Co. Air Gauges. 


Borne, Scrymser Co. Galigher Machinery Co. 
Continental Oil Co. McKiernan Drill Co. 


Fiske Bros’. Refining Co. Westinghouse Traction Brake Co. 
Galigher Machinery Co. : . 
Standard Oil Co. Air Receivers. 
Vacuum Oil Co. American Diamond Sand Blast Co. 
ETS Baldwin Locomotive Works. 

Air Lift Pumps. Bury Compressor Co. 


Chicago Pneum. Tool Co. Chicago Pneum. Tool Co. 
Curtis & Co., Mfg. Co. Curtis & Co. Mfg. Co. 
Galigher Machinery Co. Gardner Compressor Mfg. Co. 
Harris Air Pump Co. Harris Air Pump Co. 
Ingersoll-Rand Co. Ingersoll-Rand Co. 

















ies . : 

Repairs Consume Profits 

A Limited Water Supply Decreases the Output. 
Install a 


20th Century Air Pump 


and increase your water supply 50 percent. 


Easy to operate. Nothing to wear out. 
Write for Catalogue. 


- Harris Air Pump Co. 
10TH STREET AND CANAL 
INDIANAPOLIS, IND. 
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The Continuous Operation of 


a rock drill, air compressor, pump, 
or other piece of machinery whose 
power is conveyed to it through 


AMERICAN METAL HOSE 
is always a certainty. 


This is one of many reasons why AMERI- 
CAN METAL HOsE is so rapidly supplanting 
rubber hose. 

AN opportunity of familiarizing yourself at first 
hand with other reasons is afforded by our 
free demonstration offers 14 and 12. 


ae We make the interlocking profile. <@a 





Price and size list ‘‘F’’ on request. 


f The American 
Metal Hose Company 


173-177 Lafayette Street, NEW YORK 
WORKS: WATERBURY, CT. 



































THE ERIE UNLOADER—NEW STYLE 


For Single, Duplex and Multiple Stage 
Steam, Belt or Electric Driven 


AIR COMPRESSORS 





Maintains practically a constant air pressure, what- 

ever the requirement. Completely unloads and 

loads Compressor without shock or strain. 
Circulars on application to 


JARECK! MFG. CO., - ERIE, PA. 


ALSO COMPRESSOR GOVERNORS 














McKiernan Drill Co. 

Porter Co., H. K. 

Stearns-Roger Mfg. Co. 

Sullivan Machinery Co. 
Westinghouse Traction Brake Co. 


Air Tanks. 


American Diamond Sand Blast Co. 


Baldwin Locomotive Works. 

Bury Compressor Co. 

Chicago Pneum. Tool Co. 
Galigher Machinery Co. 

Harris Air Pump Co. 
Ingersoll-Rand Co. 

McKiernan Drill Co. . 

Porter Co., H. K. 

Westinghouse Traction Brake Co. 


Aftercoolers, Air. 
Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Porter Co., H. K. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Belting. 
Republic Rubber Co. 
Belt Dressings. 
Jos. Dixon Crucible Co. 
Blowers. 


Cameron Steam Pump Works, A. 


Galigher Machinery Co. 
Blowing Engines. 


Cooper Co., C. & G. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 


Brakes, Air. 


Westinghouse Traction Brake Co. 


Channelers. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Charging Stations. 


Baldwin Locomotive Works. 
Porter Co., H. K 

Coal Cutters. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Coal and Ore Elevator Buckets. 


Clark Co., W. J. 
Galigher Machinery Co. 


Compressors, Air and Gas. 
Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Curtis & Co. Mfg. Co. 
Galigher Machinery Co. 
Gardner Compressor Mfg. Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Pangborn Co., Thos. W. 
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The Injector Sand Blast 


APPARATUS 


CLEANS CONCRETE, STEEL STRUCTURES 
AND CASTINGS. 





MADE BY 


GC. DRUCKLIEB, 178 Washington Street, New York 
WRITE FOR “SANDCRAFT.” 


Manning, Maxwell & Moore, Inc., pow, York, for 

nsey Co., gon Ohio. The Fair- 
—- Co., New Orleans, La. Harron, R ickard & iceman, Inc., 
San Francisco and Los Angeles, Cal. Corby Supply Co., St. 
Louis, Mo. Central Found Supply Co., Columbus, O. ‘The 
Caldwell Bros. Co., Seattle, Wash, anadian Rand Co., Montreal 
and Toronto, Canada. Fenwick, Faves & "Co. Paris, France. 
Consolidated’ Pneumatic Tool Co., London, Eng. Pneumatic 
Tool Co., St. Petersburg, Russia. 





WHY NOT USE THE 


POWELL Air Gun Valve 





Blows your work bench, machine tool, in fact 


everything, perfectl 


>clean. Operation is another 
case of ‘‘Press The os 


utton. Order a sample. 


The Wm. Powell Co., Cincinnati, 0. 















For sand blasting 
on buildings, 
bridges, tunnels, 
concrete surfaces, 
wood, glass. 

For cutting out 
letters on monu- 


mental stones. 


WRITE FOR 
DETAILS. 


AMERICAN DIAMOND BLAST COMPANY 


MECHANICAL DEPARTMENT, 50 CHURCH ST., NEW YORK CITY 





Powell Co., Wm. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Westinghouse Traction Brake Co. 

Compressor Fittings, Air and Gas. 
Chicago Pneum. Tool Co. 
Galigher Machinery Co. 
Gardner Compressor Mfg. Co. 
Mason Regulator Co. 

Powell Co., 5 
Republic Rubber Co. 

Compressor Regulators - 
Chicago Pneum. Tool Co. 
Gardner Compressor Mfg. Co. 
Mason Regulator Co. 

Core Drills, Diamond. 

Sullivan Machinery Co. 

Core Drills, Diamondless. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Core Making Machinery. 
Pangborn Co., Thos. W. 

Corliss Engines. 

Cooper Co., C. & G. 
Galigher Machinery Co. 
Sullivan Machinery Co. 

Drilling Machines, Pneumatic. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Pangborn Co., Thos. W. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Drill Sharpeners 
Ingersoll-Rand Co. 

T. H. Proske. 

Dust Exhaust and Collector Systems. 
Pangborn Co., Thos. W. 

Electro-Pneumatic Machinery. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 

Engine Room Appliances. 
Galigher Machinery Co. 

Fans, Ventilating. 

Galigher Machinery Co. 
Sullivan Machinery Co. 
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Foundry Appliances. 

Curtis & Co. Mfg. Co. 

Ingersoll-Rand Co. 

Pangborn Co., Thos. W. 
Foundry Facings. 

Jos. Dixon Crucible Co. 
Graphite Commutator Brushes. 

Jos. Dixon Crucible Co. 
Graphite Crucibles and Retorts. 

Jos. Dixon Crucible Co. 
Graphite Greases. 

Galigher Machinery Co. 

Jos. Dixon Crucible Co. 


Graphite Paint. 
Galigher Machinery Co. 
Jos. Dixon Crucible Co. 
Hammer Drills. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Hammers, Calking and Chipping. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Oldham & Sons Co., Geo. 
Pangborn Co., Thos. W. 
Stearns-Roger Mfg. Co. 
Hammers, Riveting. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Oldham & Sons Co., Geo. 
Pangborn Co., Thos. W. 
Stearns-Roger Mfg. Co. 


You've got to use some 


lubricant. Then isn’t 


a little investigation 
worth while? 


q Dixon’s Flake Graphite does 
what no other lubricant 
can do. 


q It absolutely prevents 
abrasion, successfully with- 
stands intense heat and 
freezing cold, remains un- 
changed by acids or alkalies. 


Isn’t this lubricant worth 
a free trial ? 


re q Write us. 


Joseph Dixon 
Crucible Company 
Jersey City, N. J. 








Curtis Automatic 
Air Compressors 


give MOST AIR 
for least power. 





Efficiency is 
95 per cent. of 
nominal piston 
displacement. 





ABSOLUTELY 
AUTOMATIC, 





Water cooled 
cylinders and 
heads. 

No _ stuffing 
boxes, no cross- 
heads, no belt 
shifting. 





AUTOMATIC 
LUBRICATION. 


Curtis & Co. Mfg. Co. 


1590 Kienlen Ave., ST. LOUIS, Mo. 
New York Office, 30 Church St. 























AIR COMPRESSORS 


ALL STYLES—ALL SIZES 


EMBODYING LATEST IMPROVEMENTS 


ROCK DRILLS 


McKIERNAN DRILL CO’ 


115 Broadway, New York City 
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Are You Using the Stacey Steel Hose Nipples? 





THE Nipple with a left-handed thread. 

THE Nipple made from a solid piece of steel. 

THE only Nipple made containing a thread. 

THE only Nipple made that will not tear the inner 
tubing of the Hose. 

THE only Nipple that locks itself upon the Hose. 


Look Into the Merits of the 
STACEY STOP-COCK 


It is perfect in construction. 

It will not leak. 

It has both right and left-handed thread. 

It remains self-oiled for six months. 

It can be used on any ordinary pneumatic tool 
Hose. 


SAVE TIME —-—-—— SAVE LABOR———_—-SAVE EXPENSE 
Use the Stacey Steel Hose Nipples and Stop-Cocks 


WRITE FOR ILLUSTRATED AND DESCRIPTIVE CIRCULARS. 


NATHAN C. HARRISON, Gen’l Agent 


Harrison Supply Co. *20°s30°secek, Boston, Mass. 








Helmets, Sand Blast. 
C. Druckleib. 

Hoisting Machinery. 
Galigher Machinery Co. 
Lidgerwood Manufacturing Co. 
Sullivan Machinery Co. 

Hoists, Air. 

Curtis & Co. Mfg. Cc. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 

Hose Couplings and Clamps. 
American Metal Hose Co. 
Clark Co., W. J. 
Cleveland Pneumatic Tool Co. 
Curtis & Co. Mfg. Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Sprague Electric Co. 
Sullivan Machinery Co. 
Westinghouse. Air Brake Co. 

Hose, Steam and Air. 
American Metal Hose Co. 
Curtis & Co. Mfg. Co. 
Galigher Machinery Co. 
Goodrich Co., The B. F. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Republic Rubber Co: 
Sprague Electric Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery .Co. 





Locomotives, Compressed Air. 
Baldwin Locomotive Works. 
Galigher Machinery Co. 
Porter Co., H. K. 

Lubricating Graphite. 

Jos. Dixon Crucible Co. 
Galigher Machinery Co. 

Lubricating Greases. 

Borne, Scrymser Co. 
Fiske Bros’. Refining Co. 
Galigher Machinery Co. 

Lubricating Oils. 

Atlantic Refining Co. 
Borne, Scrymser Co. 
Continental Oil Co. 
Fiske Bros’. Refining Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Standard Oil Co. 
Vacuum Oil Co. 

Lubricators. 

Powell Co., Wm. 

Magnetic Separators. 
Pangborn Co., Thos. W. 

Meters, Air. 

Ingersoll-Rand Co. 
Metric Metal Works. 
St. John, G. C. 


Mining Machinery. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
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Motors, Air. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 

Nozzles, Air and Sand. 
American Diamond Sand Blast Co. 
Curtis & Co. Mfg. Co. 
Druckleib, C. 


Oil Cups. 

Galigher Machinery Co. 
Powell Co., Wm. 

Ore Concentrating Machinery. 
Galigher Machinery Co. 
Stearns-Roger Mfg. Co. 

Packings. 

Clement Restein Co. 


Pile Drivers, Pneumatic. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 


Pipe Joint Compound. 
Galigher Machinery Co. 
Jos. Dixon Crucible Co. 
Plug Drills. 
Cleveland Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Pumping Systems, Pneumatic. 
Bury Compressor Co. 
Curtis & Co. Mfg. Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Pumps, Air. 
Cameron Steam Pump Works, A. S. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Westinghouse Traction Brake Co. 
Pumps, Pneumatic Displacement. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Westinghouse Air Brake Co. 
Pumps, Steam. 
Cameron Steam Pump Works, A. S. 
Galigher Machinery Co. 
Stearns-Roger Mfg. Co. 
Westinghouse Air Brake Co. 
Quarrying Machinery. 
Bury Compressor Co. 
Cameron Steam Pump Works, A. S. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Reducing Valves. 
Mason Regulator Co. 











COMPRESSED 
AIR 
INFORMATION 


EDITED By 


W. L. SAUNDERS 


A book of more than 1,100 pages, 
made up of the best papers on 
pneumatic subjects published in 
COMPRESSED AIR MAGAZINE 
during a period of years, and 
classified under the three divisions 
of Production, Transmission and 
Use; an authoritative cyclopedia of 
useful data and experiences on all 
matters relating to compressed air. 


Price $5.00 


Compressed Air Magazine 
Bowling Green Bldg. 


New York 














Rock Drills, Air and Steam. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Rock Drills, Electric-Air. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 

Sand Blast Machinery. 
American Diamond Sand Blast Co. 
Curtis & Co. Mfg. Co. 
Druckleib, C. 
Ingersoll-Rand Co. 
Pangborn Co., Thos. W. 

Sand Handling and Conveying Machinery. 
Pangborn Co., Thos. W. . 

Sand Riddling Machines. 
Pangborn Co., Thos. W. 

Stone Tools, Pneumatic. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Tools, Pneumatic. 

Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan Drill Co. 
Oldham & Sons Co., Geo. 
Pangborn Co., Thos. W. 
Stearns-Roger Mfg. Co. 
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For Use on the Leading Makes of Air Compressors 








ARGON COMPRESSOR OIL 
For Air Cylinders of Electric-driven 
Compressors. 


ARIO COMPRESSOR OIL 
For Air Cylinders of Steam-driven 
Compressors. 


VACUUM 600 W CYLINDER OIL 
For Steam Cylinders of Compressors. 


KEARSARGE ENGINE OIL 


For Bearings of Compressors. 


For SALE By 
STANDARD OIL CO. 


(Incerporated.) 


THE ATLANTIC REFINING CO. 


(Incorporated.) 


CONTINENTAL OIL CO. 


(Incorporated.) 





VACUUM PALE COMPRESSOR OIL 


For Air Cylinders of Steam-driven 
Compressors. 


VACUUM 600 W CYLINDER OIL 


For Steam Cylinders of Compressors. 


VACUUM ETNA MACHINE OIL 


For Bearings of Compressors. 


For SALE By 


VACUUM OIL COMPANY 


(Incorporated.) 








For the Lubrication of Air Compressors 


OILS OF SUPERIOR QUALITY 


Are Required. 


“Aeroil’?’? ana **Paragon’’ 


AIR COMPRESSOR OILS 


Are Superior Oils. 


AIR and STEAM 
DRILL OILS 


CYLINDER and VALVE 
OILS 


—— MADE BY —— 


BORNE, SCRYMSER COMPANY 


80 South Street, NEW YORK 


BOSTON 


FALL RIVER 


PHILADELPHIA 
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“OLDHAM” 
givenwé HAMMERS 


Pheumatic Stone 
Tools and 
Quarry Tools. 


oD 


Write for prices and 
list of users. 

Tools shipped on 
approval. 


4 


Geo. Oldham & 
Son Company, 


FRANKFORD, 
PHILA., Pa 


Manufacturers of Pneu- 
matic Tools and 
Appliances. 














THE ST. JOHN 


Indicating and Recording 


AIR METER 


Ca) 


Measures 
All of 


yy » — the Air” 
py tiAROM | To90. AAS at all 


ea oo AT G 
a SEPT. 1.1898. © 


Pressures 
and 
Temperatures 


Seud for 
Booklet. 





The accuracy of this meter is guaranteed. 


G. C. ST. JOHN 
140 Cedar Street, New York 

















In Any 
Volume up 
to 100,000 
cubic feet 


per hour 


























Metric Metal Clorks 


Ucstcott Proportional Meter 


FOR MEASURING COMPRESSED AIR 


At Any 
Pressure up 
to 500 Ibs. 
per square 


inch 
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Tell the Advertiser You Saw His Ad. in COMPRESSED AIR MAGAZINE. 
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ROCK DRILLS 








ACCESSORIES 
FULL LINE 








Their SIMPLICITY, EFFICIENCY and DURABILITY command their recognition as 
STANDARD, and this SUPERIORITY of MERIT has been repeatedly demonstrated in 


competitive tests. 


Our product is covered by ample guarantees. 


CONFER WITH US. 


Manufactured by 


CHICAGO PNEUMATIC 


CHICAGO 


Branches Everywhere 


TOOL COMPANY 


NEW YORK 








WESTINGHOUSE 
Air et | 


Compressors 





The best small air compressors 
made for service where extreme 
simplicity, minimum weight, 
extraordinary durability and 
low maintenance cost are gov- 
erning considerations. By mod- 
ifying the standard sizes of air 
cylinders, a wide range of ser- 
vice is afforded. 


Our publication No. 9012 
illustrates many interesting 
applications of Westinghouse 
Compressors, and contains 
valuable tables of useful in- 
formation for users of com- 
pressed air. Send for it. 


Westinghouse Port- 
able Compressor. (Air 
Cylinder smaller than 
Steam Cylinder.) For 
Hlign-Delivery  Air- 
Pressures, 


The Westinghouse Air Brake Co., 
PITTSBURG, PA. 


New York Chicago St. Louis 
Canada: Hamilton, Ontario. 





AIR COMPRESSORS 





CLASS B. S, 14x14x14 STEAM DRIVEN. 

Cut shows our new type of Single 
Steam Driven Air Compressor, Bored 
Guide Type, with deep heavy Subbase, 
Cylinders directly supported, Balanced 
Crank, making an entirely self-contain- 
ed unit; will operate equally as well on 
timber cribbing as on Concrete Found- 
tion. 


The Modern Straight-Line Simei 
Bury Compressor Co. 


Send for Catalogues. ERIE, PA. 
Drexel Bldg., Phila. 39 Cortlandt. St.,N.Y. 





Tell the Advertiser You Saw His Ad. in COMPRESSED AIR. 















